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Plastics at Temperature Extremes 
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Motors Run a Fever! 


~ No wonder if they do more 
often today. They’re work- 
ing 3 and 4 times as many 
hours a year as in peace! 


i ee ee ee ee oe ee ee ee ee ee ee ee ee WE WORK FOR a WE PLAN FOR 


VICTORY PEACE 
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When a motor runs hot in your plant, do your men have explicit 
directions for locating the cause? If not, send in for your 


free copy of “Guide to Wartime Care of Electric Motors”. Its 
QUICK DIAGNOSIS OF MOTOR AILMENTS is invaluable! 


ERE’S the arithmetic of the war. 
H time motor maintenance problem: 
motors that worked 1800 hours in a 
peace year now work up to 8700 hours! 

A killing schedule—yet motors now 
must last /onger than ever before — 
and wishing won't make it so. 

One thing will: the new wartime 
standard of motor care set forth in 
Allis-Chalmers’ new motor mainte- 
nance guide. Already, 70,000 copies 
are in use in plants all over the U. S.! 








Friction makes heat — and so does electrical resistance. Pages 
8 and 9 of Allis-Chalmers’ new book tell how wartime pre- 
ventive maintenance should fight friction . . . pages 16 and 17 
outline strategy for preventing overload. Recommendations are 
simple, practical, geared to wartime — ideal for training. 


Published % a 
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Milwaukee, Wes. 








Contents of this valuable new pub- 
lication include the 9 main enemies of 
electric motors and how to fight them 
. . . dust, stray oil, moisture, friction, 
misalignment, vibration, uneven weat, 
overload and underload. Send in today 
for your free copy to ALLIS-CHALMERS, 
MILWAUKEE, WIs. A 1591 





Insulation is “fried” by excessive heat — bearings burned out — 
soldered connections melted. Play safe ... put Allis-Chalmers’ 
new motor maintenance guide to work protecting your motors! 
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How to keep ’em rolling... 


While New Departure’s vast productive facilities 


are giving war projects right of way, New Departure’s 
technical staff has not forgotten its duty to its regular 
customers. 

In fact, both old and new 


users of New Departure Ball 





Bearings will find extremely helpful this latest addi- 
tion to the New Departure Engineering Library —the 
Shop Manual. 


The New Departure Shop Manual should be 
read by every man responsible for the correct 
installation of ball bearings for maximum 
service and long life. Send for your copy and 
tell us how many additional copies would be 
required to supply your interested person- 
nel. New Departure, Bristol, Connecticut. 


BALL BEARINGS 
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Design Calculations: 
Acceleration analysis improved, Edit. 90, 91, 92, 168, 170 
Edge effect in photoelastic analysis, Edit. 109, 110, 111 
Stress analysis, Edit. 101, 102, 103, 104, 162, 164, 166, 168 


Design Problems: 


Designing for maintenance, Edit. 160 

Design of soil testing machine, Edit. 94, 95, 96 

Metallurgy, steel production methods, Edit. 97, 98, 99, 100 

New color standards, Edit. 89 

Plastics at temperature extremes, Edit. 83, 84, 85, 86 

Selection of lubricants for plain bearings, Edit. 115, 116 

Stamps facilitate drafting work, Edit. 93 

Upset and pressed forgings in design, Edit. 105, 106, 107, 
108 

Worm shaft bearing design, Edit. 89 


Finishes: 
Lacquer, Adv. 154, 165 


Materials: 


Alloys (aluminum), Adv. 29 

Alloys (magnesium), Adv. 159 

Alloys (manganese), Edit. 124 

Alloys (nickel), Adv. 57, 119 

Alloys (steel), Adv. 27, 60, 67 

Bronze, Adv. 162 

Cork, Adv. 139 

Felt, Adv. 76, 140, 148 

Insulation, Adv. 164 

Molybdenum, Adv. 187 

Plastics, Edit. 83, 84, 85, 86, 87; Adv. 121 
Powder metal, Edit. 126 

Rubber, Adv. 28 

Steel, Edit. 97, 98, 99, 100; Adv. 52 
Wood, Edit. 122; Adv. 74 


Mechanisms: 


Braking, Edit. 152 
Driving, Edit. 156 
Indicating, Edit. 154 


Organization and Equipment: 


Engineering department, Edit. 93, 136, 138; Adv. 51, 72, 
135, 136, 166, 168, 172, 176, 184, 186 


Parts: 


Bearings, Edit. 118, 120; Adv. 4, 30, 43, 58, 63, 77, 117, 
123, 127, 131, 149, 161, 173, 201, 204 


Mtemlzed Mndex 


Classified for Convenience when Studying Specific Design Problems 


Belts, Adv. 23, 73 

Brakes, Adv. 178 

Brushes, Adv. 196 

Cams, Adv. 174 

Carbon parts, Adv. 132 

Cast parts, Adv. 125, 133, 144, 150, 155 

Chains, Adv. 32, 54, 66, 169, 185, 209 

Clamps, Adv. 184 

Clutches, Adv. 195, 200 

Controls (electrical), Edit. 124, 126, 128, 130, 132, 134; Adv. 
13, 21, 26, 118, 160, 163, 194, 204, 210, BC 

Counters, Adv. 22, 199 

Couplings, Adv. 198 

Drives, Adv. 10, 11, 65 

Electrical accessories, Adv. 31, 134, 182 

Engines, Adv. 138, 194 

Fastenings, Edit. 130; Adv. 14, 20, 44, 46, 64, 70, 147, 
167, 170, 183, 194 

Filters, Adv. 18, 19, 42 

Fittings, Adv. 120, 122, 158, 170, 206 

Forgings, Edit. 105, 106, 107, 108; Adv. 36, 190, 195 

Gears, Adv. 62, 141, 172, 190, 204 

Heating units, Adv. 128 

Hose, Adv. 55, 129, 152, 198 

Hydraulic equipment, Adv. 37, 81, 130, 181, 196, 198 

Lights, Adv. 199 

Lubrication and lubricating equipment, Edit. 115, 116; Adv. 
186, 202 

Metal fabrication, Adv. 202 

Motors, Adv. IFC, 1, 45, 56, 61, 82, 145, 146, 171, 186, 
191, 203, IBC 

Mountings (rubber), Adv. 211 

Plastic moldings, Edit. 83, 84, 85, 86; Adv. 137, 177 

Pneumatic equipment, Edit. 124; Adv. 151, 188, 212 

Pumps, Edit. 128; Adv. 69, 79, 142, 176, 182, 184, 192, 202 

Seals, packings, Adv. 2, 16, 34, 35, 48, 49, 188, 208 

Sheet metal parts, Adv. 175, 193 

Shafts (flexible), Adv. 196, 207 

Speed reducers, Adv. 8, 50, 75, 78, 157, 201 

Springs, Adv, 6, 15, 47, 192, 200 

Stampings, Adv. 12, 174 

Transmissions, Edit. 88; Adv. 7, 40, 41, 201, 203 

Tubing, Adv. 38, 71, 126, 143, 153 

Welded parts and equipment, Adv. 9, 17, 53, 205 

Wheels, Edit. 124 


Production: 


Gear finishing, Adv. 33 
Induction hardening, Adv. 39 
Tools, Adv. 68, 156, 199 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generaily. 
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Friendly Gremlins ... Our Specialty 


Whatever kind of springs you use, you know how all- 


fired important it is for them to be dependable. 

Here at Spring Headquarters we custom-make every 
conceivable kind of spring, and they’re all friendly 
springs. 

You see, after 122 years of precision manufacturing 
of specialty steel products, craftsmanship becomes 
a tradition. Our thousands of skilled experts know 
just the kinds of steel springs like to be made of. 
They know, too, just how to form and temper them 
so that friendliness becomes an inbuilt characteristic. 

So as to make sure of all of this we produce the 
formulas of steel in our own blast furnaces. Then 
the drawing, forming, tem- 
pering—is taken in our own mills. 


each succeeding step 


Does that kind of beginning-to-end care make a 
reputation? We’ll say it does. Every once in a while 
we get a specification “‘made of similar steel, and 
temper, to Wickwire Spencer.”’ 

Write for our free book “Springs and Wire Forms” 


containing formulae and tables of value to engineers. 
And for quotations, send specifications and priority 
rating. Wickwire Spencer Steel Company, 500 Fifth 
Avenue, New York, N. Y. 


PEPPER EDS PD © HOD 


TELLLLELEL LLL Maes 
be 


} 


Here are just a few of the infinite variety of springs and formed 
wire shapes we produce. (In the illustration at top of page the 
famous artist Boris Artzybasheff pictures three springs famous 
among automotive men, Wickwire’s friendly starter, valve and 
clutch springs.) 


SEND YOUR SPRING QUESTIONS TO 


WICKWIRE SPENCER STEEL COMPANY 


COPYRIGHT 1943 WICKWIRE SPENCER STEEL COMPANY 


STANDS FOR . 
FRIENDUNESS 
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Quick 
Delivery 





We did it for the 
Army — we can do 
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d priority 
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are working and 
fighting for Victory! 


—on land—on sea— 
and in the air! 
Hydraulic PUMPS 
Pressure 
lubrication PUMPS 
Motor 

driven PUMPS 
Hand... . PUMPS 
Standard inter- 
changeable PUMPS 
Special application 


a formed PUMPS 


f page the < -4 to 30 G. P.M. 
gs famous ; PUMPS 


valve and 
1000 psi continuous 
operation PUMPS 















If you want the kind 
of service the Army 


got—phone or wire 


GEROTOR MAY 


Division of 
May Oil Burner Corp. 


Baltimore, Maryland 





O MAINTAIN 

proper pressure 

automatically in 
airplane cabins a su- 
percharger-type fan is 
being developed to 
sense requirements. 
As the plane rises the 
lower density of air 
allows the fan to run 
faster with a conse- 
quent increase in 
operating current. 
A special control 
scheme interprets 
this as a need for 
greater speed and in- 
creases the voltage of the supply generator accordingly. 


¢ 


PURCHASERS of electric motors must show that the 
horsepower applied is no greater than that required for 
the job, according to a provision in General Conservation 
Order L-221 announced by WPB. 


o 


INSTEAD of preventing water from entering a motor 
along its shaft, Westinghouse engineers have employed 
a cap and flinger arrangement to throw any water that 
may enter into a chamber which drains to the outside. 


¢ 


NEW RUBBER molding technique has been developed 
in England that saves as much as seventy-five per cent 
through utilization of felt cores. Also moldings are con- 
siderably lighter when formed by this new process which 
has been developed jointly by the Empire Rubber Co. 
and Bury Felt Mfg. Co. 


e 


APPLICATION of radio frequency heating to speed 
industrial processes and at the same time increase 
their efficiency is rapidly coming to the fore. Known as 
thermal radio, it can be used for laminating an airplane 
propeller in a few minutes, cementing rubber, hardening 
metals, curing wood, “stitching” cloth, gluing plywood 
and performing countless other remarkable operations. 


° 


WATER-SENSITIVE switch mounted on underside of 
aircraft automatically causes the release of rubber boat 
and its inflation so that when the crew crawls from 2 
crashed plane the raft is waiting for use. Developed by 
Walter Kidde & Co., carbon dioxide cylinders operate the 
hatch and inflate the boat. 


° 
CANOPY OF WATER spray is being effectively em- 
ployed on low buildings covering large areas to prevent 


the interior from heating up on warm days and inter- 
fering with the efficiency of the personnel. _Instai- 
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lations where the 
spray has been em. 
ployed to dissipate 
solar heat before j 
strikes the roof have 
proved so successfy} 
that similar _ protege. 
tion for other plants 
is being planned. Fo 
a properly designed 
installation, one-half 
gallon per minute per 
hundred square feet 
of area at seven 
pounds pressure js 
effective. Water may 
be reused because 
cooling depends on evaporation rather than on wate 
temperature. 


¢ 


OUR WAR production program is now entering a 
phase in which technological improvements must play a 
major role. According to Donald M. Nelson, “our pro- 
duction of war goods must be expanded greatly during 
1943. . . . For a large part of the increase in production, 
we must rely on our ability to find ways to make more 
with what we have.” 


¢ 


MECHANICAL brains to sight guns automatically, 
accurately and instantly are being developed for anti- 
aircraft gunners. Part of the new control utilizes an 
antenna mounted a short distance from the control 
room. The antenna may remain fixed, rotate continv- 
ously or oscillate through a selected arc. Instruments 
provide the operator with an indication of the actual 
angular position at all times and are designed to work 
perfectly in high winds and low temperatures. 


o 


PNEUMATIC chip collector on lathes makes salvage 
automatic. A jet of air blows the chips into a covered 
barrel at one end of the machine, preventing contamina 
tion which otherwise would happen when chips are 
shovelled from the floor. 


« 


PLIOFILM bags provide hermetically sealed enclos- 
ures for shipment of aircraft engines. Bags are heat- 
sealed mechanically to provide moisture-proof container 
until engine is installed in a plane. 


¢ 


POSSIBILITY of error in precision lathe work has 
been minimized as the result of a pilot-light indicating 
method developed at General Electric Schenectady works. 
Contact between tool and work closes circuit to indicate 
zero on micrometer dial, thus removing the personal 
element in determining exactly when contact is made. 
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Plastics Face Arctic 





Cold, 


Tropic Heat! 


|’ FILLING numerous appli- 
cations from the subzero tem- 
peratures of high altitudes to 
the uncomfortable heat of the 
tropics, organic plastics are called 
upon to perform difficult service. 


It has become increasingly im- 
portant to engineers and designers to familiarize themselves with the physical properties of 


plastics not only at normal temperatures, but also at temperatures from —60 up to 180 de- 
grees Fahr. Much technical information has been published for properties obtained under 
ideal laboratory conditions at 70 to 80 degrees Fahr. but too little has appeared on the be- 
havior of plastics at temperature extremes. This article, in addition to reporting various 
physical properties, will include an analysis of t 
formance of plastics. 

Because engineers and design 


By John Delmonte 
Technical Director 


he general effects of temperature on the per- 


ers have become accustomed to the reasonable constancy 
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Plastics Industries Technical Institute 


Fig. 1—Top—Tempera- 
ture extremes encoun- 
tered by our fighters on 
far-flung battle fronts 
seriously affect per- 
formance of plastic 
parts in service 
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Fig. 2—Above—How temperature affects the strength of 
Phenolic molding compounds (solid lines) and a thermo- 
plastic (broken line) 


Fig. 3—Below—Relative impact strength of certain pheno- 
lic molding compounds is highest at about 270 degrees 
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of behavior among metals, too much stress cannot be laid 
on the importance of property variations at temperature 
extremes—aside from the requirements of Army and Navy 
specifications. This applies particularly to organic plastics 
because of the fundamental fact that, due to their tempera- 
ture sensitivity, the primary asset of plastics is the ease 
with which they lend themselves to molding and fabricat- 
ing operations. Consequently some variation must be ex- 
pected to occur in properties. While as a general rule 
thermosetting phenolic, urea, and melamine resins are 
less affected than thermoplastics such as cellulosic deriva- 
tives, polyvinyls, polystyrene, acrylics, and others, all ma- 
terials experience an appreciable performance change with 
temperature. 


TENSILE STRENGTH: As may be expected, tensile 
strength of plastics decreases with an increase in tem- 
perature as illustrated in Fig. 2. Much of the data in this 
curve was taken from a recent paper*. Noteworthy is 
the fact that cord-filled, as well as woodflour-filled 
phenolics have the same tensile strength, within the limits 
of experimental error, over a wide range of temperatures. 
It is only in such properties as impact strength that a 
large distinction is observed between these materials, as 





* “Temperature vs Strength for Phenolics”—T. S. Carswell, D. Telfair 
and R. U. Haslanger, A.S.T.M. Annual Meeting, June, 1942. 
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will be shown later. Asbestos-filled phenolics stand up balk PUNCE 
ter at higher temperatures, between 320 and 400 degreaflt comparis 
Fahr. From these data it may be surmised that miner determin 
filled phenolics should be specified for higher temp, ff pres are 
tures where maximum tensile strength is needed. Exampleff son of al 
of such an application include steam conduits and plastic 0 
ponents of ovens or heat-treating equipment. and die 


Also to be borne in mind is the increase in elongatigl— a spring 
at the same time that tensile strength decreases wile matter ( 


readily ¢ 

TABLE I and test 

Relative Punch Strength* ber witl 
While 





Temperature, degrees Fahr— 
165- 240-35, 















Material 23 70 170 250 
Polyviny] chloride-acetate sheet.. 160 137 72 5 
Polymethyl methacrylate (sheet) 210 163 92 21 
Cellulose Acetate (sheet) 210 160 92 40 
Cellulose acetate-butyrate (sheet) 175 125 74 12 
Laminated phenolic canvas base 210 175 170 145 
Polystyrene (molded) . 185 115 a7 4 
Urea-formaldehyde 220 240 240 150 
Wood flour-filled phenolic 200 175 130 100 





*Values are comparable with one another and are reduced down 
the same thickness at ;;-inch. The above figures represent pounds 
quired to force a .104-inch punch through the above plastic mater 
and are the average of at least three tests in each case. 


temperature. This generally brings on an_ increase j 
toughness up to a certain point, because this factor is} 
some extent a product of elongation and tensile strengf 
It is significant in such applications as automobile safe 
glass where a transparent plastic bonds two layers of shed 
glass together. Tests have shown considerably high 
impact strength at temperatures of 120 degrees Fabt 
than at 32 degrees Fahr. 

While a stress analyst might be prone to write the ter- 
sile strength of plastics in terms of an exponential equ: 
tion involving temperature as a variable, certain othe 
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Fig. 4—Curves show variation of elastic modulus with ings 
temperature for typical plastics if 


variables are equally important. For example, methods ff ishi 
manufacture will often decide the physical properties # J ‘ue 
plastics. A polyvinyl resin in an extruded form may show 
tensile strengths of 50,000 pounds per square inch whet 
as in molded forms it may have strengths in the neigh’ | Pap 


borhood of 7000 pounds per square inch. Presence 4 plas 
absence of flow marks and weld marks also makes 4 dit. 
ference in tensile strength. = 
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ics stand uphae §=PuncH STRENGTH: A convenient index of strength 
ind 400 degra comparison worked out by the author is punch strength 
ed that Miner) jetermination. Values covering a wide range of tempera- 
higher temper, tures are tabulated in TaBLE I. This is a complete compari- 
eded. Examplsff con of all major classifications of thermosetting and thermo- 
duits and om plastic organic plastics. In the test method a small punch 
me. and die are mounted upon an arbor press equipped with 
a spring scale for easy reading. Tests are performed in a 
matter of a few seconds, and effects of temperature are 
readily determined because of the ability to place samples 
and test apparatus within a temperature-controlled cham- 
ber without much difficulty. 

While most of the thermoplastics appear to hold up satis- 
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Fig. 5—Subject to extremes of temperature, plastic baffles 
between cylinders of radial engines successfully meet 
exacting demands 


factorily at temperatures up to 140 degrees Fahr., values 
of punch strength fall off rapidly beyond that range, the 
sharp break in the curves corresponding in some in- 
stances to the A.S.TM. values of heat distortion points for 
the plastic materials. TasLE I may be conveniently used as 
a comparative index of changes in physical properties of 
plastics with variation in temperature. 

Above 240-250 degrees Fahr. values of punch strength 
for thermoplastics are low, almost being indeterminate 
with any degree of accuracy using present equipment in- 
a much as they flow under a pressure of a few pounds 
acting upon the punch. No values above 300 degrees 
Fahr. were obtained for the polyvinyl co-polymer sheet 
which decomposed. Above 250 degrees Fahr. urea com- 
pounds were somewhat unreliable in punch strength read- 
ings as they tended to blister severely. 








odulus with 


Impact StRENGTH: One of the most sought-after prop- 
etties among organic plastics in the present war program 
methods of J is high impact strength at both subzero and high tempera- 
roperties of § tures. As shown in Fig. 3, the impact strength of 
1 may show § some of the plastics increases with temperature up to a 
inch where- f certain point. These data also are abstracted from the 


the neigh- 
Presence Ol 
akes a dif 


March, 1948 





paper previously mentioned. While thermosetting phenolic 
plastics have enjoyed wide acceptance by the armed forces 
over the broadest temperature range, certain thermoplastics 
have recently been accepted by the ordnance depart- 
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ment for temperatures from —40 to 170 degrees Fahr. 
For example, molded grips and handles for small arms 
have been approved for special cellulose acetate butyrate 
formulas. Likewise canvas duck treated with solutions 
of the same plastic are employed for bayonet scabbard 
housings by the infantry. Of paramount importance in 
these applications is the high impact strength over the 
temperature range indicated. 

In aircraft applications engineers have been much con- 
cerned with impact qualities at high altitudes where 
plasticized thermoplastics give indication of embrittlement. 
A few misapplications appeared at the start of the war 
when engineers and designers promiscuously specified 
plastics which had proved satisfactory in applications at 
room temperature for service at the low temperatures pre- 
vailing at high altitude. This was only a temporary condi- 
tion, however, until correct materials were developed. 

Mopu.us or Exasticiry: Contrary to popular belief 
the modulus of elasticity does not excessively decrease 
with an increase in temperature. This fact is not always 
readily observed in the laboratory because in conventional 
testing methods for evaluating the modulus, the time of 
applying load is appreciably long and creep phenomena 
may obscure true elastic phenomena. Data on creep char- 
acteristics are given later. In Fig. 4 however, the variation 
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Fig. 6—Above—Maximum fiber stress in bending is 
shown for phenolic molding compounds at various 
temperatures 


Fig. 7—Below—Safe working pressures for thermoplastic 
tubing demonstrate the effect of high temperature on 
strength. Assumed safety factor five 
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Fig. 8—Creep characteristics obtained by stress- 
ing specimens for four days at 1000 pounds per 
square inch maximum fiber stress followed by 
four days of recovery 
Fig. 9—High strength and proper dielectric 
properties over a wide range of temperature 
are prime requirements of this molded plastic 
aerial mast base for fighter planes 
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of modulus of elasticity with temperature js given fy 
several plastics. These values of modulus are arrived a 
from instantaneous measurements of deflection by th 
simple cantilever beam methods developed at Plastic 
Institute. The modulus is. computed from the formul, 


E = WL*/3ly 


where I = moment of inertia, inches‘; L — test length 
inches; W = weight at end of beam pounds; and y = . 
flection, inches. 

A maximum fiber stress of 1000 pounds per squar 
inch prevailed in all test measurements. Deflection 
end of beam was measured with a micrometer depth gage, 
Readings were made within a space of a few seconds 
and rechecked several times in order to obtain a tne 
value of modulus of elasticity. Particular difficulty was 
encountered in measuring the modulus of thermoplastics 
at higher temperatures, because they crept so rapidly as 
to enable only approximate values to be obtained. Like. 
wise at still higher temperatures mica-filled phenolics gaye 
the same type of difficulty. 

FLEXURAL STRENGTH: Maximum fiber stress as determined 
by the flexural method varied considerably with temperature a 
indicated in Fig. 6, for several phenolics. Data of this character 
should prove of fundamental interest to designers concerned with 
meeting temperature specifications for plastics. Another interesting 
observation of safe working stress in polyvinylidene chloride tubing 
appears in Fig. 7. Of significance is the rapid decline in working 
stress at higher temperatures. Conduits of this plastic have demon- 
strated their chemical resistance and serviceability and have saved 
much iron and copper. 


Temperature Greatly Affects Creep 


Creep: As shown in Fig. 8, creep characteristics and the te- 
sulting permanent set of plastic materials are very much dependent 
upon temperature. In fact no other physical property of plastics 
changes so much with temperature as creep, particularly as tem- 
peratures go above 120 degrees Fahr. This indicates that in the 
application of plastic materials, especially thermoplastics, at ten- 
peratures above 120 degrees Fahr. designers must anticipate an 
increasing rate of creep. Elastic properties of the material as evi- 
denced by the modulus may not suffer much change, but the con- 
tinued deformation upon sustained application of stress should 
be carefully analyzed. Creep data in Fig. 8 were obtained by de- 
flection of a simple cantilever beam under a constant load. 

Certain problems should be anticipated in designs involving 
plastics in conjunction with other materials when temperature 
effects are to be taken into account. In general, plastics have 4 
higher coefficient of expansion or contraction than metals. Some 
designs in plastics have featured elaborate inserts of metal parts 
which upon exposure to low temperatures encountered in high- 
altitude flying have developed cracks. Internal stresses due to dif 
ferences in thermal coefficients may seriously limit the usefulness 
of certain designs. 

In considering the applications of plastics or resin adhesives 
to aircraft, not only should the effects of low and high temperatures 
be studied, but also the effects of extreme temperature changes 
in the space of a few minutes. For example, in traveling from the 
cold, dry atmospheres of high altitudes to the warm, moist a 
mospheres of low altitudes a number of changes may occur. These 
affect the electrical insulation characteristics as well as the physical 
dimensions. The part shown in Fig. 9 is an example of a success 




















































application of a molded plastic in this type of service. 
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AMINATED paper plastics show such promise that 
“planes of paper” may be a partial answer to the ma- 
terials shortage facing the aircraft industry. Available in 
almost unlimited quantities, a special wood pulp is utilized 
for the paper which is impregnated with phenolic resins. This 
is formed and cured under heat and pressure. Molding is 
done at 250 pounds per square inch instead 
of the usual 1000 to 2000 pounds per square 
inch, allowing the use of relatively inexpen- 
sive zinc-alloy dies. These may be repeat- 
edly remelted as design changes occur. 
This new method, developed by McDon- 
nell Aircraft Corp. and the Forest Products 
laboratory, greatly simplifies construction 
as typified by the illustrations at right. Wing- 
tip construction is shown in the top illustra- 
tion with the skin taken off to reveal the 
structure. Only thirteen parts are used as 
compared to ninety-six when fabricated of 
aluminum. Below are miscellaneous wing 
tip ribs, formed from impregnated paper 
blanks in one operation as contrasted with 
nineteen parts for plywood ribs of this type. 
Other advantages of paper plastics in- 
clude: Smooth surface obviating finishing 
and coating, greater resistance to abrasion 
and denting than aluminum, adaptability 
to double curvature forms without special 
treatment, and ease of varying thickness of sections 
through building up laminations as required to ob- 
fain maximum strength-weight ratios. 


Ring-and cone design of an infinitely variable 
speed drive utilizes a steel ring between two sets of 
voriable-diameter cones to provide maintained, con- 
stmt speeds. Conceived by the Master Electric Co., 
this compact drive is so designed that the portion of 
the ring which makes contact with the cones is not 
a flat surface but a radius, giving a small area of 
actual contact. Size of this area varies with the elastic 
deformation of the surfaces caused by variations in 
the contact pressure resulting from loading conditions, 
Similar to the action which takes place in ball bear- 
Ings insofar as contact between the balls and races is 
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concerned. 

Basic principle of opera- 
tion for the unit shown in 
the sectional photograph, 
above, depends upon a 
wedging action between 
the cones and ring. The 
schematic drawing illus- 
trates this action. No-load 
position of ring is shown 
by the solid lines, loaded 
position by the dotted 
lines. As load increases, wedging is increased by the 
ring tending to climb or crowd into the cones, much like 
the action of V-velts. In this way traction is increased 
with higher loads without the need for high preloaded 
design. The spring shown in the photograph is an ad- 
justment to compensate for accumulated manufacturing 
tolerances. In effect it produces a slight initial preloading 
but the actual load-carrying capacity is dependent upon 
the wedging action to increase the contact pressure and 
thus the torque-transmitting capacity. Because slippage 
would cause wear, the mechanism is 
designed so that positive metallic trac- 
tion is obtained within the designed 
rating. 






Power producing iests of air- 
craft engines, right, puts large a- 
mounts of energy back to work. Pre- 
viously wasted by turning a propeller, 
engine power is utilized to generate 
electricity which is fed into the plant 
power system. Developed by engi- 
neers of Pratt & Whitney Aircraft and 
General Electric, this type of power 
recovery system has been installed 
widely, saving several million kilowatt- 
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where operators note the 
various readings to g& 
termine the engine's per. 
formance. A synchronoy; 
or induction generator js 
used as the load for the 
engine under test, insteg 
of a special propeller. }, 
a synchronous test stong 
a hydraulic or magnetic 
slip coupling ties together 
the variable speed of the 
engine and the constan 
speed of the synchronoys 
machine. In an induction test stand, the gen. 
erator speed varies with that of the engine » 
that a slip coupling need not be used to main. 
tain synchronous speed. 


New standard colors are expected to 
eliminate much of the existing confusion in 
matching colors, especially where parts are 
produced at different plants for assembly at 
a remote location. Objective of the new 
American War standard is to reduce to a 
common language the results of years o 
technical developments in the measurement 
of color so that it can be specified in terms 
that mean the same in all industries. The 
standard provides a common method to iden- 
tify color by means of three basic elements 
either,,the physicist’s dominant wave length 
brightness and purity or the psychologists 
hue, value and chroma. Also, it is possible to 
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translate from one system to the other. Basic in- 
strument for the standardization and for analyzing 
color samples is the spectrophotometer, one type of 
which is shown above. It analyzes color in terms 
of percentage of light reflected or transmitted by 
the color. A secondary standard recognizes the 
samples in the 1929 “Munsell Book of Color’ which 
already has been calibrated in terms of the funda- 
mental standard. 


Accuracy of alignment, simplified reassem- 
bly, and adequate strength are provided in the gear 
assembly shown in the drawings at right. Based 
on the provision of a relieved surface on the 
pinion-shaft bearing retainer, this method was de- 
vised by the Michigan Tool Co. to move the pinion 
out of engagement with the gear and permit sliding 
the pinion and shaft end- 
wise out of the housing. 
Such a design is particu- 
larly valuable when gears 
of the double-enveloping 
or globoidal forms are 
used. Another useful ap- 
plication is when conven- 
tional worm gearing is 
employed and the worm 
shaft is provided with 
large diameter bearing 
flanges. It also makes 
possible the general use 
of shafts of equal or larger 
diameter than that of the 
worm or pinion. 

Method of removing the 
pinion and shaft from the 
housing in no way de- 
feases the ability of the 










assembly to resist either the end thrust or separat- 
ing force incident to worm and gear assemblies 
of this type. The sectional drawing, bottom, shows 
a pinion and shaft assembled in normal contact 
with the gear. Drive-end bearing retainer, below, 
has an eccentrically relieved surface for 180 de- 
grees of its circumference. Rotation of the retainer 
through this angle permits lowering the drive end 
of the shaft by an amount equal to the distance 
between the centers whence the two radii are struck. 
The retainer, however, must be slightly withdrawn 
from the housing before it can rotate on the re- 
lieved surface. This rotation permits disengage- 
ment of the gear teeth sufficiently to permit with- 
drawal by slight rotation, sufficiently clearing the 
gear in the “dropped” position. 

In this way a simple assembly, using a minimum 
opening in the housing to increase strength, is pro- 
vided which assures accurate realignment after 
disassembly for inspection or service of designs 
where pinions cannot be slid or rotated into en- 
gagement with their gears on operating centers. 
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Fig. 6—Movement of governor weight with respect to 
rotating flywheel involves Coriolis component 


N THE first installment of this article the fundamental 

relationships of position, velocity, and acceleration were 

developed. In the generalized treatment there was 
determined a “compound supplementary component” of 
acceleration equal to 2V,pw, known as the Coriolis compo- 
nent. This component is equal to zero in some instances 
but has value when one point moves along a path on a 
rotating body. It may have an important effect upon the 
resultant acceleration of the point, as will be demonstrated 
in the examples to follow. 


The essential facts to remember when computing the 
Coriolis component are: 


1. p and P are coincident points, p tracing a known path 
on the link containing P. 

2. V>p is the velocity of p relative to P, that is, the vector 
difference V, — Vp. The direction of V,p, as well as 
the magnitude, is important since upon it depends 
the direction of the Coriolis acceleration. 

8. The V,p vector, when rotated 90 degrees about its 
origin in the direction of », points in the direction of 
the Coriolis acceleration. 

4. » is the absolute angular velocity of the link contain- 
ing P, it is, therefore, the angular velocity of the path. 


EXAMIrLE 1: Application of Coriolis’ law of acceleration 
will firsc be illustrated by the following problem. The fly- 
wheel shown schematically in Fig. 6a is rotating clockwise 
at 25 radians per second and decelerating at the rate of 
80 radians per second per second. Center of the governor 
weight, p, is assumed to be moving inward at a uniform 
speed of 9 feet per second relative to the coincident point, 
P, on the flywheel. The governor weight is pivoted on the 
flywheel at C; therefore the path of p relative to the fly- 
wheel is a circular arc with center C and radius Cp. The 
problem is to compute the total acceleration of point p. 
For this acceleration the expression is 


Ap a Ap ++ App 
where Ap —— Apo = Apo +--+ Atpo 
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and App = Ap +—3 Atop +—3 2V pw 


The last expression is Coriolis’ law for the relative acceler. 
ation of coincident points. 
The following computations are made, taking the neces- 
sary dimensions from the drawing: 
A™,»o = [OP]w* = (16/12) (25)? = 838 feet per 
second per second, directed from P toward 
O 
Atpo = [OP]a = (16/12) (80) = 107 feet per 
second per second, directed perpendicular 
to OP in a counterclockwise sense about 0 


A", = V2,p/[Cp] = (9)2/(10/12) = 97 feet 
per second per second, directed from p to- 
ward C 

At,p == O since it was assumed that V,p was uni- 
form 


2V,pw = 2 (9) (25) = 450 feet per second per 
second, in the direction C to p, determined 
by rotating the V,p vector 90 degrees 
about its origin in the direction of » 
(clockwise). 

Total acceleration of p can now be determined by choos- 
ing a suitable scale and adding graphically the various 
components computed ‘above. This has been done at b in 
Fig. 6. Starting at point O,, A", and At, were first added 
to give the acceleration of P, represented by the vector 
O,P. To this were added the vectors A,» and 2V;p.. 
Finally the total acceleration of the governor weight is rep- 
resented by the vector O,p. The scaled value in this prob- 
lem is 778 feet per second per second. 

As a check on the above method the problem may be 
solved in another manner by writing: 


A, = Ac +— Arye 

A"™ +-— At, -+ Ac +-—> Abn 
[OC}w? +— [OC]a +-—3[Cp]o” 
+— [Cp]a’ 


where w’ and ¢’ are, respectively, the absolute angular 
velocity and angular acceleration of Cp, the arm ol 
necting the governor weight to its pivot point, C. It wil 
be recalled that V,»p = [Cp](o’ — w). In this cas 
(w’ — w) = Vyp/[Cp] = 9/(10/12) = 10.8 radians 
per second counterclockwise. Since » —= 25 radians pe 
second clockwise, w’ —= 25 — 10.8 = 14.2 radians pe 
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Fig. 7—Point B on follower has straight-line motion relative 
to point B on extended cam, creating Coriolis acceleration 
component at right angles to path in direction w, 


second clockwise. Also, Atpp = [Cp](a’ — a), but in 
this problem At,p = 0, hence a’ = a@ = 80 radians per 
second per second counterclockwise. 

The terms in the acceleration vector equation become: 


[OC]u* = (14/12) (25)? = 729 feet per second 

per second, directed from C toward O 

[OC]az = (14/12) (80) = 93 feet per second per 

second, directed normal to OC in a 
counterclockwise sense about O 

[Cp]w’* = (10/12) (14.2)? = 168 feet per second 

per second, directed from p toward C 

[Cp]a’ = (10/12) (80) = 67 feet per second per 

second, directed normal to Cp in a 
counterclockwise sense about C. 

Addition of these vectors is shown at c in Fig. 6. The 

result for A, is the same in both direction and magnitude 

a by the previous method. 
In general, the acceleration of any point may be ex- 
Pressed either in terms of the acceleration of the coincident 
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point on another body or in terms of the acceleration of 
the center of curvature of the path traced on that body. 
The first involves the Coriolis component; the second does 
not. The problem just completed illustrates both methods 
of solution. In many problems the engineer can make his 
own choice of procedure. However, when the path traced 
by the moving point is a straight line or has instantaneous- 
ly an infinite radius of curvature, then the center of curva- 
ture is unavailable and Coriolis’ law must be employed. 
The next three examples are cases of this type. 

EXAMPLE 2: Fig. 7a shows a tangent cam rotating at 
a uniform rate, w,, with a reciprocating roller follower in 
contact with the tangent portion of the cam. Noting that 
point B,, the center of the roller, at that time traces a 
straight line path on the cam, the solution for the accelera- 
tion of the follower proceeds as follows. 

Velocity of B, is first found, writing Vz, = Vy, +— 
Vass. Where B, is the point of the extended cam coin- 
cident with B, on the follower. This equation is solved 





Fig. 8—Center of curvature C of cam profile has straight- 

line motion relative to point C on extended follower, 

creating Coriolis acceleration component at right angles 
to path in direction of 
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by constructing the velocity polygon shown at b in Fig. 
7. O,b, is the known velocity of B, drawn to a suitable 
scale. From b, a line is drawn in the direction of Vz,p,, 
parallel to the face of the cam. From O,, a line is drawn in 
the direction of motion of the follower. Then b,b, repre- 
sents the velocity of B, relative to B,, directed upward to 
the right. 

Next the acceleration of B, is expressed in terms of the 
acceleration of B, and the relative acceleration between 
these two points: 

Ap; = Ape +9 Ap3Be 
— A" ». +—> Aty, += A" p3Be +—> Atgspe 


+ a 2V p3BoWs 
A!;,, == 0 since the speed of the cam is uniform 
A"y3n2 —= 0 because the path traced on the cam by 
B., has an infinite radius of curvature 
A®,;, = [OB]w,*, computed 


At,,,n2 is parallel to the cam surface (parallel to V355, ) 
but is unknown in magnitude 

2V};,n.0, is computed using the value of V;,.,. scaled 
from the velocity polygon. This vector 
will be normal to the cam surface with 
sense upward to the left. 


Fig. 9—Point A on crank has straight-line velocity with 

respect to point A on oscillating arm of shaper mechanism, 

creating Coriolis acceleration component at right angles 
to path in direction of w, 


The acceleration diagram is now constructed as shown 
at c in Fig. 7. From the pole point O, is laid out the vector 
representing A,. To this is added the vector 2V,,,.0, and 
from the tip a line is drawn in the direction of At,, pp. 
The tip of the A,, vector will be at the intersection of this 
line and a line representing the acceleration of B, drawn 
through O, in the direction of motion of the follower. 

The scales used in this problem were chosen such that 
the length OB on the drawing represents both the velocity 
and the acceleration of point B,. With these scales the 
construction could have been made directly on the draw- 
ing without intermediate computations. This construction 
is shown by broken lines in Fig. 7a. Triangles OAB and 
BCD are exact duplicates of the velocity and acceleration 
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Fig. 10—Effect of omitting Coriolis component in the 
acceleration analysis of a shaper mechanism is shown by 
the curves plotted on a base of crank angle 


polygons revolved 90 and 180 degrees, respectively. 

In Examples 1 and 2 a point on the link for which ac. 
celeration was to be determined traced a path of known 
curvature on the link with known acceleration. This is not 
always the case. 

EXAMPLE 3: In the combination of cam and pivoted flat 
follower shown in Fig. 8a it is not at all evident what path 
is traced on the cam by any point of the follower. On the 
other hand, it is known that point C, the center of curva- 
ture of the cam outline at its point of contact with the 
follower, traces on the follower a path of infinite radius. 
Unless the cam outline is composed of circular arcs the 
path will not be a straight line. Nevertheless it can be 
demonstrated that its radius at the particular point under 
consideration in this illustration will be infinite. In solving 
for the acceleration of the follower it is therefore most con- 
venient to deal with point C, of the cam and the coincident 
point C, of the follower extended. For these points the 
velocity diagram is constructed as shown at bh in Fig. 8. 
The absolute velocity of C, is computed and drawn in its 
proper direction from point O,,. From its tip a line is then 
drawn in the direction of the relative velocity of C, to C, 
(parallel to the face of the follower). The intersection 
of this line and a line through O,, in the direction of the 
velocity of C, normal to O,C) locates tip of V,., vector. 

Since it is the path of C, rather than C,, which is known, 
the acceleration equation is first written, 


hen te Be, 4+ <0 Regs 


then rearranged to read 


Ag; as Ac» a Acocs 
oe A"c, +—Ato,—> A" cocs 
<> Atoocs — = 2V coca 


where At,, = 0, since w, is uniform 


A"~,c3 == 0, since the radius of the path is infinite 
A", = [O,C]w,?, computed, directed from C to 
ward O, 


(Continued on Page 168) 
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Rubber stamps greatly reduce 
draftsman’s ‘ime in drawing 
wiring diagram of furnace for 
heat treatment of gun parts 





Stamps 








Facilitate Drafting Work 


ODAY when maximum efficiency is required of limited 

personnel, it is important to utilize as many time-saving 

methods as may practically be employed. Especially 
is this true in the drafting room where tedious hours may be 
consumed in drawing parts which can be standardized and 
effectively portrayed by other methods. Typical of the possi- 
bilities is a method in use at the Lindberg Engineering Co. 
which employs rubber stamps for standard parts of schematic 
drawings. In addition to conserving time in the drafting 
room, this method aids all along the line. 

Practically all engineering departments use symbols of 
some sort for switches, pipes, valves, etc., to simplify the 
making and reading of shop, assembly, erection or instruc- 
tion drawings. Also, these symbols are often repeated many 
times on the same drawing. Size of the symbols, or schematics, 
may be standardized for standard-size drawings to allow the 
use of rubber stamps. A high degree of uniformity exists be- 
tween the various drawings employing these symbols and 
also between the same symbols on any one drawing, facili- 
tating reading and minimizing errors in interpretation. For 
electrical schematics as shown in the lower illustration, wiring 
errors are reduced because the terminals are always correct 
for connections. 

Additional uses for rubber stamps in the same company 
are being found weekly. The highest price paid to date for 
such a stamp is $7.50 and it is estimated that enough time 
has been saved to pay for the stamp on a single drawing. 
Some of the symbols being used include: Mercury switches, 
motors, controls, connector blocks, valves, governors, name- 
plates and solenoids. 

During the past months a considerable number of the 
company’s draftsmen has been taken into the armed forces, 
particularly detail men, and it has been necessary to train 
girls quickly. Among this training group the saving in time 
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Section of a wiring diagram for a conveyor furnace 

to harden aircraft parts. Stamps were utilized in the 

production of this drawing, indicating the neatness 
and uniformity possible 


through the use of rubber stamps has been tremendous. 

In brief, this drafing aid helps turn out war material 
faster because it reduces routine work and the possi- 
bility of errors, while at the same time facilitating pro- 
duction because of better and more uniform drawings. 
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RMY engineers 
must work at 
high speed, of- 
ten under fire, con- 


Fig. 1—Front view of soil-testing machine structing eeeperery 

with sample and proving ring in place bridges, roads, ote., 

ready for test capable of carrying 

heavy military ma- 

chines and troops. To 

accomplish these feats 

the engineers must be thoroughly familiar with soils and the re- 

sults to be expected from different varieties. On the battlefield no 

time is available for testing and the success or failure of temporary 

earthwork structures depends on the accumulation of a store of in- 

formation based on extensive laboratory tests covering the mechanical 
properties of all types of coils. 

Most important property of soils for engineering purposes is the 
resistance to shear, for the measurement of which a testing machine, 
discussed in this article, was recently designed and built at the U. S. 
Engineer office, Providence, R. I. Though the design is partly based 
on apparatus developed at the Massachusetts Institute of Technology, 
the new machine is not only much larger but also specially designed 
for use where many tests are performed daily. 







































Basic Design Requirements of Testing Machine 


In the triaxial shear test for which the machine was designed a 
cylindrical sample of water-saturated soil is sealed in a thin rubber 
membrane and exposed to a controlled hydrostatic pressure within a 
transparent pressure chamber, Fig. 1. At the same time an axial load 
is gradually applied until the specimen fails by shear as in Fig. 2, or 
bulges excessively. 

Basic requirements for the design of a production machine to 
perform this test were laid down as follows: 


1. Maximum load capacity 3000 pounds 

2. Maximum hydrostatic pressure 250 pounds per square inch 

3. Sample size 2.8-inch diameter by 8 inches high 

4. Maximum travel of plunger 344-inches 

5. Means of measuring applied load directly on the sample 

6. Means of measuring the strain directly 

7. Transparent pressure chamber for viewing sample under test 

8. Absolute pressure tightness so that air or water can be used with 
equal success as the pressure medium 
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Soil Tester Aidsby 


By Philip O. Malmberg 


9. Electrically and mechanically operated 

10. Location devices to enable rapid assembly 
and practically automatic alignment during sam. 
ple set up 

11. Ease of operation and flexibility 

12. Parts in contact with water, gas and soils 
to be made of corrosion-resisting materials, other 
parts to be cast iron finished with black crinkle 
enamel. 


Shown in Figs. 1 and 3 is the mechanical a- 
rangement of the machine which consists prin- 
cipally of six parts: Sample base, pressure 
chamber, loading head, proving ring assen- 
bly, raising mechanism, and pressure reser- 





Fig. 2—Soil sample enclosed in rubber meu 
brane, after test, showing failure plane along 


which the soil sheared 
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yoir. The soil sample, encased in the rubber 
membrane, is assembled between the sample 
base and cap, porous stones at top and bot- 
tom allowing water drainage but no escape of 
sil. Plunger of the loading head applies a 
downward load through the proving ring 

y operated which measures the applied load. 
apid assembly Sample base on which the soil specimen 
t during sum rests during test has two ports, one connected 
to the sample, below the lower porous stone 
(Fig. 3), the other connected to the pressure 
wat = 7 chamber on the outside of the specimen. The 
naterials, other : 
black crinke — ‘st port is used to apply vacuum to the speci- 
men during saturation preliminary to the test, 
while the second connects the pressure cham- 
echanical a- | ber with a water storage reservoir, visible in 
consists prin- f Fig. 1. to the left of and behind the tester it- | 
ase, pressure — self. A watertight rubber membrane is con- ‘a 
ring assem- — nected to the sample base by a special sealing , 
essure rese- — clamp, insuring that the sample does not come 
in contact with the water or gas that surrounds 
it To cut down set-up time, dowel pins are 
provided to locate the base correctly on the 

loading platform. 
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Pressure Chamber Is Plastic il 


Pressure chamber, Figs. 1 and*3, is trans- Transparent 
‘ plastic pressure 

parent plastic cylinder. Because of frequent chamber 
handling, the use of glass was considered but 
discarded. The particular tubing used was 
chosen because it was the largest commer- 
cially available, and the entire machine was 
designed around this size. The pressure /- 
chamber houses the sample, the pressure me- 
dium (water and nitrogen or water alone), 
and the proving ring assembly. Specially Sample base 
molded rubber gaskets at top and bottom in- 
sure watertightness, also aid in correctly cen- 
tering the plastic cylinder during set-up. The 
whole unit is clamped together by six tie rods. 

After assembly, water is admitted to the 
Pressure chamber until the sample is com- 
pletely submerged. Nitrogen from a pressure 
storage cylinder is then admitted at the top 
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Fig. 3 — Right — Side elevation shows mech- 
anism of loading head and details of the 
sealing of the pressure chamber 
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of the pressure chamber until the desired pressure is 
exerted on top of the water, thus providing the hydro- 
static pressure on the specimen necessary for this test. 
Loading head, Figs. 3 and 4, contains the lead screw 
and plunger on which the proving ring is fastened. Leak- 
age of nitrogen past the screw or thrust bearing sleeves is 
prevented by a stuffing box at the top of the screw. 
Stringent requirements of pressure-tightness made _ neces- 





mane 
all 
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pee bo 


sie 


Fig. 4—Close-up view shows driving mechanism for 
loading head, also collars on vertical column limiting 
travel of the head 


sary the specification of complete freedom from porosity 
in the head and sample base. 

Lead screw is actuated by a variable-speed motor driv- 
ing through a gear train and a worm and wormwhee!l. 
The strain on the specimen is equal to the downward 
movement of the plunger and is directly measured by a 
revolution counter attached to the worm shaft, Fig. 1. 
Each revolution of the counter is equivalent to a deflec- 
tion of .001-inch, and rate of strain can be adjusted with- 
in limits from .0125-inch per minute to .25-inch per 
minute. Total load that may be applied is 3000 pounds 
with an additional allowance of 1/3 for overload. The 
handwheel above the wormwheel, Fig. 4, is used for 
manual adjustment of the plunger prior to the test. A 
locking pin serves to connect and disconnect the worm- 
wheel and handwheel. 

Functions of the proving ring and dial indicator, Fig. 
5, are to measure the axial load applied to the top of the 
sample. Because of its location between the loading 
plunger and the sample the proving ring measures only 
the actual load on the sample, no friction errors being 
present. Load applied across a diameter of the proving 
ring causes elastic deflection which is measured with a 
dial gage reading to 1/10,000-inch. Ring is ground to 
calculated dimensions and calibrated so that a unit de- 
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Hection is equivalent to a known load. Accuracy of § 
type of ring is plus or minus one per cent at as low as gp 
fifth of capacity, which is well within the accuracy q 
the other measurements of the test. Rings of two capy 
ities were made, one for loads up to 1000 pounds m 
mum with two-pound readings per division on the d& 
and the other for 3000 pounds maximum with ten-poy 
readings per dial division. The rings are SAE 6145 steal 
heat treated to an ultimate tensile strength of 180, 
pounds per square inch and yield point 160,000 pouy 
per square inch. 4 

Raising mechanism is connected to the loading heg 
by means of two removable coupling pins, Fig. 4, 













































Relative Costs 





Preliminary cost, study, research, analysis, layouts, sketches, 
production of drawings, formulation of specifications, in- 
spection during fabrication .. . : a 9 

Machine and equipment ....... : . . 596m 

Supporting table and foundation 79 

Total cost of installation 100.0% 





















this arrangement it is possible to detach the testing ma 
chine if necessary and use it as a portable device ely 
where. Functions of the raising mechanism are to lif 
the heavy loading head out of the way of the .operatiy 
during sample set up and to assure a positive means 
alignment of the loading head with the sample. This s 
important because any misalignment axially will tend 
bulge the sample, resulting in an inaccurate test. 

The raising is accomplished by a handwheel, pinion ag 
rack attached to the vertical column, Figs. 1 and 3. Ga 
lars on the column, Fig. 4, locate the operating and stants 
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Fig. 5—Dial read- 
ings are proportion- 
al to load applied on 
specimen through 
the proving ring 





by positions of the loading head. A flexible wire cable 
attached to the unit runs over a ball bearing pulley 
the top of the column, then down inside to a lead cout 
terweight. This counterweight is slightly heavier tha 
the unit, allowing the loading head to rack up more easil 
and eliminating the danger of sliding down suddenly and 
injuring the operator or spoiling the test. A clamp locks 
the mechanism in the desired position. 

While the duration of the test itself cannot be speeded p 
up because of the necessity of adhering to standard pte 
cedure, overall testing time per sample has been consid- ie 
erably reduced with this machine as result of designing f , ¥ 
for quick set up. 
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Wartime Metallurgy 


Conserves Strategic Materials 


Part Vill—Production Processes 


By R. E. Orton and W. F. Carter 
Acme Steel Co., Chicago 


steel as a composition solely of iron and carbon, 
ignoring the other elements that are present in 
4 commercial carbon steel. Of these other elements 
a few are present because of their desirable effect, 


— discussions in this series have treated 
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others are either unavoidably present or their presence 
is deemed unharmful and not worth the trouble required 
for their removal. There is also a variety of other im- 
perfections that distinguish a commercial steel from 
the pure iron-carbon alloy. 

It is well to examine the actual production of iron 


understand better what it would mean 


and steel, to 
Fig. 64—Top—Excellence of control and lack of impurities 
from heating agent enable the electric furnace to produce 


highest quality steel. Photo, courtesy U. S. Steel Corp. 


97 



















@ Pi, 
Caen 


F 


Fig. 65—Highly stressed parts preferably should be made 
from fully killed steels. Above parts are high-carbon, 
alloy and tool steel for band-tensioning and sealing devices 


to attempt to keep out these harmful elements. Un- 
questionably, many phases of the war effort are being 
hampered by unnecessary and unreasonable specifications 
in regard to these commercial inevitables. Appreciation 
of these factors on the part of specification writers would 
undoubtedly lead to relaxation of some unnecessarily 
rigid requirements. In many cases a more rapid produc- 
tion would be obtained by accomodation of the design 
to the material defects than by an insistance on an un- 
reasonable degree of perfection. 

There are a number of features of the dry chemistry 
of the technology of iron and steel that should be recog- 
nized. First, practically all of the reactions are reversible, 
and a certain set of conditions must exist for the reaction 
to go in the desired direction. A minimum temperature, 
generally near or above the fusion point, is required 
for any reaction; variations of the temperature above this 
level markedly influences the nature and the order of 
the reactions. 

Mass also has a paramount influence. Thus, mangan- 
ese has such a strong affinity for sulphur that it will 
remove it from iron sulphide, Mn + FeS — MnS + Fe. 
However, if there are a thousand parts of iron to one 
of sulphur and just enough manganese to combine with 
the sulphur, a certain proportion of the FeS will remain 
because of the “mass effect” of the iron. In probably 
no case, then, would the reaction go to completion, 
because of the free iron liberated which then exerts its 
influence to restrain further action. 


Controlling Extent of Reactions 


However, if the MnS could be removed in some way 
from the sphere of influence as fast as it is formed, the 
reaction would go much further toward completion. If 
this product were a gas it would pass out to the atmos- 
phere; if insoluble in the fused mass it would separate 
from the solution and perhaps float out to join the “flux”. 
If neither of these it might be combined to a compound 
that would. Most commonly this last is accomplished by 
combining acid and basic (anhydrides) to form slags, 
the “salts” of dry chemistry. 

Just exactly how, or to what extent, these various factors 
affect the reaction is not important at this time as long 
as the variables themselves are taken into account. 

Heat required for the reduction of the oxide of iron 
ores common to the United States is obtained by the 
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combustion of coke in the charge supplied to the blag 
furnace. By supplying a deficiency of air, carbon =. 
oxide is generated which reduces the iron oxide tp 
metallic iron. Besides the iron mineral in the ores ther 
are large quantities of silica, silicates, alumina and 
aluminates. The last two are insoluble and when flue; 
by limestone are floated out of the fused mixture. The 
CO tends to reduce the first two and to keep this reductio, 
from being excessive. Limestone is supplied whic, 
calcines to CaO and serves as a base to react with the Sid 
acid radical, carrying it out as a slag. Because of th 
mass effect, however, a certain amount of the silico 
is reduced and appears in the iron as FeSi. 


The ore will also contain oxides of manganese an( 
phosphorus. About half of the first will be reduced and 4. 
most all of the second, and will enter into the iron. Carried 
in primarily with the coke is a large quantity of sulphu, 
a portion of which combines with the iron or manganes 
and dissolves in the iron. Owing to the mass of coke 
present a portion of it will remain as elementary carbon 
and enter the iron either combined as the carbide, Fe( 
or in the graphitic form. 

Pig iron suitable for steel, as drawn off the blast furnace 
will have the following analysis: 





Element Per Cent 
Carbon 3% to 44 
Silicon Upto 1% 
Manganese % to 2% 
Sulphur Up to .05 
Phosphorus Upto 1 


Essentially, the conversion of pig iron into steel is 
the opposite of the reduction of the ore. The impurities 
are oxidized and usually fluxed off, as a slag, or emitted 
as a gas. 


Sulphur Is Not Separated 


In all processes the oxidizing medium is ferrous oxide 
FeO, supplied by the combustion of iron or reduced 
from mill scale or ore. Since it is soluble in the iron i 
is readily distributed to all parts of the bath. Manganese 
and silicon are thus oxidized and separate out, the Fe 
being reduced to Fe. Carbon is similarly removed 
the gaseous monoxide CO. The sulphur is_practicall 
unaffected by such a process and, except in the electri 
furnace, generally remains in the metal. 

Before the phosphorus can be removed practically al 
the silicon must have been oxidized and, in addition. 
have been neutralized with a base. This accounts fo 
a maior division in the processes—acid and basic. In 
the first the refractory in contact with the metal is acid 
(generally SiO.); in the second it is basic, calcined 
limestone, dolomite, etc., and limestone is added to flux 
and neutralize. The first gives a more durable containe 
for the metal, the second makes possible the oxidation of 
the phosphorus by neutralizing the SiO, and also P.O 
formed, which is strongly acid and must be neutralized 
to retain it in the slag. ‘. 

Because of mass and temperature effects there wil 
be residuals from all of these processes, the most trouble- 
some of which is the oxide FeO. To remove this combined 
oxygen, that is, “deoxidize” the bath, manganese and 
silicon are added after separating the otherwise purified 
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metal from the slag. The carbon in some processes is 
caught “coming down,” but in most of the lower carbon 
ranges it is brought to a residual value and the metal 
then recarburized by adding anthracite coal, pig iron, 
or some one of the metallurgical ferroalloys. 

Steel conversion is divided into three major processes 
—bessemer, open hearth and electric. In the bessemer 
process, all the heat is supplied by the combustion of 
the iron and impurities and by the heat of the hot charge 
of pig iron which it uses. The converter itself consists 
of a large open pear-shaped vessel of five to thirty-ton 
capacity. Air is blown through fine holes in its bottom, 
serving to agitate the mix and to oxidize the iron, thus 
raising the temperature and furnishing the FeO for the 
other reactions. 

For various metallurgical reasons, few ores used in 
this country are suitable for the basic bessemer and 1t 
therefore is little used. Reference to the bessemer, in 
general, applies to the acid process. Since no phosphorus 
is removed in this process nor in the blast furnace, ores 
must yield a phosphorus content of under about 1 per 
cent. Such ores therefore are classified as “bessemer ores”. 
Other ores, suitable for the basic open-hearth process, are 
known as “basic ores”. 

The whole conversion is accomplished in 15 to 20 
minutes, the reaction occurring so rapidly that control 









Fig. 65—Rimmed steels are preferred for severe forming. 

Left to right are bomb booster adapter body, copper- 

plated steel shell base, .22 caliber cartridge case, 
and a bomb booster adapter cap 


is comparatively difficult. The mass is also so violently 
agitated that the separation of the slag, flux and other 
foreign particles is poor, yielding a rather inferior product 
for high-grade applications but an economical product 
where these defects are not objectionable. 

In the open hearth, heat is supplied by burning pre- 
heated air and fuel over the batch, which is contained 
in a shallow wide basin or “hearth” of sixty to over 
two-hundred tons capacity. This external addition of 
heat makes possible much more accurate control of the 
temperatures and the reactions, and makes practical the 
elimination of the phosphorus. : Because: of this: last-feature 
nearly all open-hearth plants are basic except for certain 
small acid units employed in the foundries primarily for 
remelting. Reference to the basic or the open-hearth 
process, therefore, usually refers to the basic open hearth. 

External application of heat also makes possible the 
charging of cold pig and scrap steel, supplying some of the 
FeO by reduction directly from ore, reducing the loss 
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of ivon to the slag, and increasing the yield. Usual and 
preferred practice is to charge from 40 to 60 per cent 
scrap. The calcining of the limestone yields CO, gas 
which assists in stirring the bath and mixing in the FeO. 
While some sulphur may be oxidized out in the open 
hearth this is generally more than offset by additional 
sulphur from the fuel. Conversion time is some ten to 
twelve hours, varying considerably with the amount of 
scrap charged. 

Absence of blowing air gives a much quieter bath with 
the open-hearth process than with the bessemer and, 
therefore, greater freedom from slag and other inclusions. 
External application of heat and the slowness of the 
process give better control over the analysis. A greater 
variety of raw materials may be used and a greater 
variety of products may be serviced. 


Produces Highest Quality 


Conversion in the electric furnace, Fig. 64, is similar 
to that in the open hearth except that the heat is furnished 
by the action of electric arcs, and practically all the FeO 
is obtained from mill scale or ore rather than by oxidation 
of the iron. Oxidation of the Mn and Si is followed by 
that of the phosphorus which is then directly neutralized 
with lime (CaO), fluxed with the addition of a small 
amount of ore and then tapped or raked off to prevent its 
returning to the bath. 


Sulphur may be removed readily by the electric process. 
The high heat close to the are generates calcium carbide, 


CaO + SC > Cal, + CO 


and then, 


3 FS 4 o¢a0 + Cac. +3 F& + 3CaS + 2C0 


MnS Mn 


The CaS, being insoluble, may be fluxed out. An appreci- 
able amount of elementary carbon being required, the 
desulphurization may not be carried as far in very low 
carbon steels as in other carbon grades. In steels of a some- 
what higher carbon content the sulphur may be reduced to 
as low as .02 per cent commercially. 

Unquestionably, the electric furnace is capable of pro- 
ducing the highest quality steel and is used therefore for 
the highest grades of alloy, high-carbon and tool steels. 
The ease of manipulation of the heat, the ability to carry 
on oxidizing, reducing or neutral operations at will, the 








Fig. 67—Rimmed steel slab. The high-purity, low-carbon 
periphery exhibits high ductility and when rolled into 
strip forms a good surface for deep drawing and forming 
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cleanness of the heating agent, and the fact that the 
quantity of oxygen supplied to the bath is under control 
gives precise control of the analysis. Up to 100 per cent 
scrap or cold pig may be charged. 

Advantages and disadvantages of these three processes 
of steel conversion are summarized in the accompanying 
tabulation: 


Comparison of Steel Processes 


BESSEMER 


Advantages 
Low operating cost 
Low initial investment 
Low maintenance cost 
Rapidity of conversion 
No external fuel 
Low lining loss 


Orrn HEARTH 


Uses half scrap 

May use cold pig 

Phosphorus may be eliminated 
Very large heats 

Partial finishing in furnace 
May use bessemer charge 
Good control 


ELECTRIC FURNACE 


May use up to 100% scrap 
May use cold pig 
Bessemer or open-hearth charge 


Disadvantages 
Phosphorus not eliminated 
Sulphur not eliminated 
High slag inclusions 
Poor control 
Utilizes little scrap or cold pig 
Small heats 
Finish off in ladle 
High iron loss in slag 


High initial investment 
Medium operating cost 
High maintenance cost 
High lining errosion 

High iron loss in slag 
Little sulphur eliminated 
Conversion is slow 

Fuel contributes impurities 


High operating cost 
High maintenance 
Moderately high investment 





Excellent control 

Finish off in the furnace 
Elimination of phosphorus 
Elimination of sulphur 

Low iron loss in slag 
Virtually complete deoxidation 
Very low inclusions 

No impurities from fuel 


Not as large units as open hearth 
Conversion is slow 


Considerable amounts of steel are made by duplexing— 
partial conversion in the bessemer and finishing in the open 
hearth—taking advantage of the lower fuel cost of the 
first and the better control of the finishing operation in 
the second. Sometimes completion is in the electric furnace, 
making use of its precision control. There is little difference 
in the end result, the practice being dictated by economics 
in which the condition of the scrap market is the prime 
influence. 





Steels Classified by Deoxidation 


A broad division in steels may be made according to 
the deoxidation practice. If some FeO remains, a portion of 
it will be reduced by the carbon, evolving CO gas as the 
metal solidifies in the mold. A steel is fully “killed” if it 
has been sufficiently deoxidized to evolve no gas and lie 
perfectly quiet. This practice, which is generally ac- 
complished by the use of a strong deoxidizer in the ladle, 
is a necessity for high-quality alloy, high-carbon or forging 
grade steels such as those employed in the parts shown in 
Fig. 65. A steel is “semikilled” if the deoxidation is not 
as complete. This is common with structural grades of 
steels. 

In the “rimming” process deoxidation is only partial 
so that a large quantity of gas is evolved in the mold as the 
metal solidifies. It is used with low carbon steels intended 
fcv strip or sheet because of the fine surface which is 
obtained, giving an excellent steel for deep drawing or 
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severe forming operations, Fig. 66. The brisk evolution 
of the gas violently agitates the metal, resulting in a skin Or 
“rim” of clean metal, Fig. 67, with a center of numeroys 
fine blow holes. Since these holes are formed by a reducing 
gas they will generally be welded shut in the subsequent 
rolling operations. 

Steels as finished, then, may be expected to contain, 
besides the iron and carbon, varying amounts of Dhos. 
phorus, sulphur, manganese and silicon from the origing 
ore or as additive elements. Usually they also will contain 
aluminum, oxygen and hydrogen in the elemental state 
or as metallic or “metalloid” compounds. These and, to 
some extent, other materials will be present in such form 
that they cannot be considered as part of the metal but 
rather as inclusions serving as discontinuities in the metallic 
matrix. How these elements are present and their effect 
on the metal will be discussed in the next article. 


Plastics Require More Care in Specification 


OMMON faults in the utilization of plastics in ord- 
nance equipment are inadequate redesign and the 
wrong choice of materials for particular applications. 
Failure to distinguish between various types of plastics is 
evident. No,one would say “metals fail” because every- 
one realizes that “metals” is a general term and embraces 
a number of materials. Many engineers, however, group 
the entire field of plastics as one material. A review of in- 
dustrial drawings will show that certain parts are to be 
fabricated from bronze, aluminum, zinc or molded plastic. 
In many agencies where molded plastic parts are. pro- 
cured, little or no thought is given as to whether a con- 
ponent should be molded from a thermosetting compound 
or a thermoplastic. Little consideration is given to the 
fact that over eighty types of plastic materials are available 
for fabrication. This condition exists probably because 
of the newness of the industry and the rapid development 
of its ever-growing number of compounds. Classification 
of compounds for particular end uses is therefore indicated. 
At present the Ordnance Department is grouping avail- 
able materials according to their ability to function effi- 
ciently. A chart is being prepared for each operating 
branch, listing the component parts which present satis- 
factory applications for plastic compounds, and the ma- 
terials which should be considered. For example, the small 
arms chart will contain a list of components such 3 
handles, containers, and carrying cases. The materials 
shown on the chart will indicate approval for use. Thermo 
setting materials of specified physical strength, cellulose 
acetate butyrate, and impregnated duck will be so a 
thorized. 

It is evident that plastic compounds have the ability 
to meet ordnance requirements, when materials having 
adequate physical and chemical properties are applied 
to a properly designed part. In the Ordnance Department 
alone, the use of plastic has released over ten million 
pounds of aluminum and five million pounds of brass 
for more essential war applications. (From a paper by 
Capt. E. T. McBride, Ordnance Department, presented 
before a recent meeting of the Canadian section of the 
Society of the Plastics Industry in Toronto). 
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Strain-Rosette Analysis Is 


Effective Design Aid . | 


By Joseph Marin 


Pennsylvania State College 


ATHEMATICAL methods of stress analysis by the 

theory of elasticity are employed by the machine 

designer for the solution of many problems. There 
are some constructions, however, in which the shape of the 
parts or method of loading makes a mathematical pro- 
ceduré inadequate. Under these circumstances an experi- 
mental method of stress analysis must be used. In some 
problems, also, there is doubt regarding the accuracy of 
theoretical analysis and an experimental method is used as 
a check on the theory. 

For either purpose there are general experimental meth- 
ods available as well as special ones for the solution of 
specific problems. The well-known photoelastic method is 
a general method that has been used effectively in the de- 
termination of stresses for many machine parts. Develop- 
ment of three-dimensional photoelasticity promises even 
greater aid to the machine designer. Photoelasticity will 
not be discussed in this series since it has been adequate- 
ly treated’. 

Another general method, not so well known, for analyz- 
ing two-dimensional stresses is the strain-rosette method. 
The object of this article is to show how this method can 
be used by the machine designer for analyzing stresses. In 
this discussion emphasis is placed on the fundamentals of 
the procedure rather than the experimental techniques. 
A brief introduction to deformation methods in general 
will be given first. 

Often stresses are determined by measuring the strain 
on built-up models of machines or structures. This pro- 
cedure may be used for simple stresses in which case the 
strain is measured in the known direction of the stress. 
The model is an elastic material and the loads are main- 
tained below the region of yielding. Then, assuming 
Hooke’s Law, the simple stress is obtained directly by mul- 
tiplying the unit strain at the point by the modulus of elas- 
ticity of the material. This method is utilized for members 


_—__— 
1“Photoelastic Analysis in Commercial Practice’—R. E. Orton, Ma- 

CHINE Desicn, 1940; “A Review of the Photoelastic Method of Stress 
Analysis”—R. D. Mindlin, Journal of Applied Physics, April and May, 
1989; and Photoelasticity,—M. M. Frocht, John Wiley & Sons, 1941. 

or example, S. Timoshenko and B. F. Langer—‘‘Stresses in Rail- 
toad Track”, Transactions, A.S.M.E., Page 277, 1932. 

nh example of such an application can be found in “Tension Tests 
of Large Riveted Joints’—R. E. Davis, G. B. Woodruff and E. 
Davis, Proceedings 'A.S.C.E., May, 1939, Page 805. 
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Fig. 1—Three strains with directions 
measured from the x axis 


subjected to simple axial stresses and to bending stresses. 
It has been employed widely on a variety of structural 
models and in the analysis of machine parts. 

Other stress functions than axial strains sometimes are 
measured to determine stresses. In tests on built-up struc- 
tures it is a common procedure to determine the deflections 
at panel points. Stresses in railroad track have been in- 
vestigated by measuring both deflections and_ strains”. 
Strain gages have also been useful in the analysis of stresses 
at connections of structural members such as_ riveted 
joints*. There have been too many reports to mention here 
of analysis of stresses by measuring deformations. The 
bulletins of the engineering experiment stations in several 
institutions cover many of the investigations made. 

Though measurement of strain or deflection is useful 
in the case of simple stresses, the procedure for determin- 
ing the stresses is not so simple when a combined state of 
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Fig. 2—Stress components referred to x and y directions 
(a), u axis (b), u and v axes at (c) and principa Istrains (d) 
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Fig. 3—Principal-stress method for determining stress 


components 


stress occurs. The remainder of this discus- 
sion will be devoted to such cases. 

If the principal stresses and the orientation 
of the axes of the principal stresses are known, 
the state of stress at a point on the surface of a 
stressed material is completely known. That 
is, in a two-dimensional stress system, the stress 
is completely specified by three quantities. In 
any experimental method to define a two- 
dimensional stress system it therefore will be 
necessary to specify three independent quan- 
tities or stress functions for the point con- 
sidered. In the strain-rosette method the stress 
at a point is completely determined by measur- 
ing the unit strains at the point in three in- 
dependent directions. A strain in a fourth 
direction is sometimes measured to obtain a 
more accurate value of the stress or for pur- 
poses of checking the results. The state of 
stress at a point will be obtained in terms 
of the principal stresses and their direc- 
tions. 

The problem can be stated more clearly by 
referring to Fig. 1 which represents the three 
measured strains ¢,, «, and ¢, acting in the di- 
rections a, b and c, defined by the angles 
6, 9, O-. In the diagram x and y represent 
two arbitrary rectangular axes. Given these 
three strains and their directions, the problem 
is to determine an expression for the principal 
stresses and their directions. 

Stress components referred to the x and y 
directions at point O in Fig. 1 are shown in Fig. 
2a. Considering a plane in this element defined 
by BC, as shown in Fig. 2b, so that the normal 
stress S, acting at right angles to this plane is 
at an angle @ to the x axis, for equilibrium of 
forces in the u direction, 


S,.=S, cos’@+S, sin’0+S,, sin @cos@....(a) 
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Fig. 2c represents the portion ODC’ of the rectanguly, 
element OBDC such that the v axis is normal to the u ayy 
Then for equilibrium of the stresses in the v direction th: 
normal stress S,, is 


S,=S, sin*0+S, cos’°@—Sz, sin 0 cos @...............,( 


The unit strains in the u and v directions are by Hooke 
Law, 


1 
éu= =, (Su— mS.) iwadice apres BUG ee God as fe ee eo os eee (e 
=! (§,—mS.) i 
éy= E BE sliaha Pisiaia ce Reg erate Sua eae 
‘vhere m = Poisson’s Ratio. 


Placing the values of the normal stresses S, and S,, from 
Equations a and b in Equations c and d, the strains in the 
u and v directions are shown in the following Equations 
e and f. 
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Fig. 5 — Principal 
stresses in terms of d 
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ured from point O 


Fig. 6—Interpreta- 
tion of stresses act- 
ing on lines at 
forty-five degrees 








Values of the stress components in terms of the strain com- 
ponents referred to the x and y axes are, by Hooke’s Law, 





E 
s,=(=—_) (€y+ Me; ) TTY TLC LEC LGU Cree a (g) 
E 
s.=( ) (cet mey) ee ne ey? (h) 
1—m’ 
S., ait G eens. ee ea ee ee ee ee ee ee ee ee ee [ 
Y 2 (1+m ¥ y (t) 
where E — modulus of elasticity in tension and G = 


modulus of elasticity in shear. 

Placing the values of these stress components in Equa- 
tions ¢ and f, the expressions for the strains referred to the 
wand v axes are 


€u=€z COS"0+e, sin*@+yzy Sin 0COS @ ................ (J) 


€-=€, Sin*0+e, COS'O—Yzy SiN 0 COSO..............-. (k) 
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These equations give the values of the strains in the two 
perpendicular directions inclined at an angle @ with two 
other axes x and y. These strains are also given in terms 
of the strains in the x and y directions. Equation j can be 
used for obtaining the strains in the directions a, b and c of 
Fig. 1 provided @,, 6, and 6, are substituted respectively 
for @ in Equation j. The strains in those three directions 
are, therefore, 


€a=€z COS*Oa+€y SiIN*Bat+yry SiN Oa COS Oa ) 
€=€z COS +e, SiN*?,+72, SiN 0 COS % }........... (1) 
€c=€r COS*O,+¢€, Sin*O.+yzry SiN O- COS O 


Since the three strains ¢,, «, and ¢, and their directions are 
known, it is possible by Equations 1 to determine the 
values of the strain components ¢,, ¢, and 7,,. Referring 
to Equation j and considering the angle @ to vary, there 
will be one direction of 6 for which the strain ¢, is a maxi- 
mum and another for which it is a minimum. These strains 
are called the principal strains. For a maximum or mini- 
mum value of ¢, in Equation j, 


Yry ) 
€z— €y 


where ¢ is the value of 6 for maximum or minimum .¢,. 
Placing this value of the angle back in Equation j, the 
principal strains are 


dey 
=, 70 or tan 26=( 








a 
a=— * +—V (€2—€y)* +24" 
, ; (3) 
éxte 1 sf Zio 
a aan ne oY (eeu) +729? } 


Since the strain components ¢,, ¢, and 7,, are known from 
Equations 1, the principal strains are completely defined 
in magnitude by Equations 3 and in direction by Equa- 


tion 2. 
Principal stresses, determined by Hooke’s Law, in terms 


of the principal strains are 





E 
a= = 


E 
Se =< 


) (e+ me.) 





) (e2+me,) 


The principal stress values thus can be obtained from 
Equations 4 and their directions by Equations 2. For con- 
venience in calculating these stresses and their directions 
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table (Page 102) is usefult. 

It is sometimes desired to obtain the stress components 
S,, S, and S,,, with respect to the x and y axes. This can be 
done by substituting the values of the strain components 
€x, €y and ¥,, determined from Equations 1 in Equations 
g, h andi. This gives completely the values of the stress 
components. 

Another procedure for determining these components 
is to use the values of the principal stresses and their di- 
rections. These are shown in Fig. 3a. To determine the 
stress components shown in Fig. 3d referred to the x and y 
axes, a free body diagram ABC shown in Fig. 3b is con- 
sidered. For equilibrium of stresses in the x direction, 


a (5a) 


For equilibrium of stresses in the y direction the shear 
stress component must be 


po 
S.y= =) sin 2p............. ee aR (5b) 


If the free body diagram AB’D’ of the element AB’DC is 
considered as shown in Fig. 3c, then for equilibrium of 
stresses in the y direction, 


S,=S, sin*¢+S, cos’ ..............2260205- . (5c) 
b 
€a 
Eb ‘~ 4 x 
6 wv 
ay 0a 
& : (a) 
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Fig. 8—Land’s circle method for determining stresses 


The above equations give the three stress components re- 
ferred to the two sets of axes x and y. These values are 
given in terms of the principal stresses and their directions. 

Maximum shearing stress at a point in a stressed mem- 
ber often must be determined. This stress is easily ob- 
tained from equation 5b since by inspection the maximum 
value of the shear stress, as ¢ varies is for a value of 6 = 
45 degrees. That is, 


4Also G. E. Beggs and E. K. Timby— ag ge Data from Strain- 
Rosettes”’, Engineering News Record, March 10, 38. 
SW. R. Osgood—‘“‘Determination of Principal Peso From Strains on 
Four Intersecting Gage Lines 45 Degrees Apart,’ Research Paper RP 851, 
Journal National Bureau of Standards, Vol. 15, Page 579, 1935. Also, 
L. B. Tuckerman, G. H. Keulegan and H. N. Eaton—‘“‘A Fabric Tension 
Meter For Use On Aircraft’. Technical paper National Bureau of Stand- 
ards BS. 20, 581, 1926, T 320. 
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a tabulation of the results, as shown in the accompanying 


S 
(Bey) mar— = (Sz) ¢<480°=————_ ee eee MEAN. (6g 


It may be concluded from Equation 6a that the maximy, 
value of the shearing stress is half the difference of i, 
principal stresses. This stress acts on a plane ABOD, fi 
4. It is important to note, however, that the value of the 
maximum shear stresses acting in planes EAFO or Epp) 
may be greater than that acting in plane ABOD as give, 
by Equation 6a. This maximum shear stresses for plaze; 
EAFO and EBFD are 


S 
(Szy)maz=—>- ils tg kee Pn Week oscauw la eines ieee ese 7 a (6) 
and 
S: 
(Sey) maz = Ceoeececen Trt rs Tees ef ° — e J (6¢ 


Absolute maximum value of the shear stress will be given 
by one of Equations 6. Equation 6a apparently will govem 











{6) 

















Fig. 9—Graphical construction for determining principal 
strains and maximum shearing strain 


when the two principal stresses are of opposite sign. 0 
the other hand, either Equation 5b or 6c will govern whet 
the principal stresses are of the same sign. Depending up 
which principal stress is a maximum, one or the other 0! 
these equations determines the maximum shear. 


MEASUREMENT OF STRAINS IN Four Directions: Ther? 
have been several modifications of the above procedure fot 
determining the stresses at a point. One method. consists 
of measuring the strains in four directions and using the 
method of least squares to determine the best average 
value of the principal stresses®. That is, this procedure 
tempts to minimize effects of errors in measurements. 

It is desirable in using this procedure to obtain the 
principal stresses in terms of the four strains €,, €», €c and « 
measured in the four directions at point O, as shown ® 
Fig. 5. If u and v are the principal stress directions and 
the gage lines are designated by the angles 6, 6), 4 and 6j; 
then the values of the strains in these directions, in ter™ 
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fig. 1—Dies for 90- 
nillimeter shell forg- 
ing. Sequence of oper- 
ations is top to bottom 
in dies, left to right of 
parts in foreground 


Applying Forgings in Design 


Part Il—Upset and Press Forgings 


By Colin Carmichael 


ART of the improvement in physical properties of metals as a result of forging 

is directional in nature, due to the extension of metal grains in the direction 

of rolling prior to forging. The designer must therefore consider the manner 
in which the piece will be forged in order to take advantage of the improved physi- 
cals, particularly in the case of parts subject to impact and fatigue loading. Because 
the resistance to impact is greater along than across the fibers, tensile loads should 
be parallel to the grain and shearing loads perpendicular. 

An excellent example of how the fibrous structure is modified in a forging 
isshown in Fig. 2, which is a gear blank cross-sectioned and etched to show the flow 
lines. Lines which were originally parallel in the bar stock have been upset in 2 
forging machine and flow radially in the upset portion. It is evident that the fibers 
have the most favorable orientation for dealing with the loads on the gear teeth 
which would subsequently be cut in the rim. Such a part if turned from a solid 
bar would have the fibers parallel to the axis and therefore most unfavorably 
oriented. Difference in strength in partly due to the greater interference with the 
movement of slip planes across than along the grains. 


Designing Upset Forgings 


Upset forgings, produced in a machine with a horizontal action, are common- 
ly made from round bar stock which is heated to forging temperature as it is fed 
to the machine. Forging dies consist of a reciprocating 
plunger driven by a crank or eccentric, and a pair of grip- 
ping dies, Fig. 1. One die is fixed while the other can be 
moved away from its mate to allow the finished part to be 
ected and the new length of stock inserted. Parting line 


Fig. 2—Upset gear 
blank sectioned and 
etched shows flow 


between the two dies is in the plane of motion of the lines favorably ori- 
plunger, while the motion of the plunger and the opening ented for taking the 
and closing of the dies are synchronized. Since the dies applied load 


open and close during the forming of the part, the de- 
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signer of the forging should remember that the movable 
gripping die must be free to move away from the station- 
ary die after the part is formed. Undercuts and projections 
that would interfere must therefore be avoided. 

Unsupported length of stock that can be gathered or 
upset in one blow is usually not more than three times the 
diameter of the bar, otherwise buckling or column action 
will occur. However, if the diameter of the upset portion 
is not more than one and one-half times the bar diameter, 
this length may be exceeded, provided also that the amount 
of unsupported stock beyond the face of the die does not 
exceed the bar diameter. The practical effect of these 
general rules is to control the number of operations that 
will have to be performed to complete the piece, thus 
affecting the total cost of the forging operation. 

Recent improvements in the design of forging machines, 
especially in the provision of ample rigidity and accurate 
alignment, have made possible the production of forgings 
much closer to finished dimensions than heretofore was 
practical. Most forgings require only 1/16-inch on a side 
for finishing, others such as valves for airplane engines 





being held to such close limits that they may be finished 
by grinding only. 

Because forging machine dies open up to free the com- 
pleted forging, it is seldom necessary to provide drait 
except for jobs such as cluster gears where deep narrow im- 
pressions must be provided in the dies. Holes in the forged 
parts are punched on the forging machine itself. 

The set of dies illustrated in Fig. 1 is used in producing 
a 90-millimeter shell forging. A series of impressions is 
used, the shape of the piece after each stage being shown 
in the foreground. This forging is held to such close 
dimensions that no machining is required in the bore and 
only a small amount on the outside. Shell is bell-mouthed 
to distribute the metal properly for subsequent nosing. 

Other examples of forgings produced on the forging 
machine are shown in Fig. 3, illustrating not only the di- 
versified type of work that can be handled but also the 
closeness to which modern machine forgings can be held 
to final size. The dies for producing a forged ring from 
bar stock are shown in Fig. 4. An excellent example of an 
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Fig. 3—Above—tThese parts wer 
all produced on upset forging 
machines 


Fig. 4—Left—Piece shown in center 
foreground is formed in lower step 
of the die. Ring is punched out 
in upper step, leaving wad on end 
of bar which enters into next upset 


upset forging in aluminum is th 
rayon spinning bucket, Fig. 5. 

Press forgings, produced on : 
vertical press using two solid dies 
(Fig. 6), combine some of the 
characteristics of drop and ups! 
forgings. By providing mechanical; 
operated knockouts which eject th: 
forging from the die impression # 
soon as the dies start to reopel, 
press forgings may be designe! 
without draft while die life is » 
creased because of the limited time of contact betwee 
dies and hot metal. 


Forging Improves Strength and Accuracy 


Typical hot-pressed parts in brass alloys are shown ii 
Fig. 7. Such parts are much stronger than sand casting 
of the same material, due to the forged structure and grail 
refinement. Inasmuch as internal cavities in most brass 
and bronzes will not weld when forged, as does steel, forg 
ing cannot be relied upon to close up such cavities and 
the original ingot or stock must be sound to begin with. 
Improvement in density due to compacting, with resulting 
increase in strength is greatest with the brasses or high 
zinc bronzes. Forgings produced on modern machines oftes 
are held to such close tolerances that a subsequent cold « 
semi-hot coining operation is sufficient to finish the pa 
accurately to size. 

Supplementing other forging processes, forging rol 
afford a rapid and economical method of producing certa” 
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shapes. A typical example of the work such rolls are per- 
forming in the war program is shown in Fig. 8. A pro- 
peller blade blank, shown at the man’s back, is drawn 
through rolls which are formed for only a portion of their 
circumference. After passing through the rolls the blade 
has a tapered elliptical section of proper proportions to 
fill the hammer dies which complete the forming. Uninter- 
rupted fiber is thus retained from base to tip of the blade. 
Cold forging, also known as cold upsetting or cold head- 
ing, is often used for relatively small parts such as nuts, 
cap screws, etc. Forging action is somewhat similar to 
that of the hot forging machine but the stock used is 
cold-drawn wire, sometimes supplied by a wire drawer 
working in conjunction with the cold-heading machine. 


Distinction Between Hot and Cold Forging 


Dividing line between hot and cold forging is the tem- 
perature at which recrystallization occurs in the metal. 
While hot forging refines the grain the final structure is 
practically annealed. Cold work, however, hardens the 
structure and the amount of deformation is limited. Often 
the reason for cold forging is to take advantage of this 
hardening, obviating subsequent heat treatment. 

Impact extrusion or “squirting” offers interesting possi- 
bilities for the fabrication of machine parts which are 
symmetrical and basically cylindrical in form or of simple 
shape. In this process a slug or blank lying in a recess 
which confines it laterally is struck once by a punch of 
‘lightly smaller diameter. Metal squirts up through the 
opening between punch and die, following the form of the 
punch. Parts so formed are accurate, uniform in structure 
with excellent mechanical properties, and offer consider- 
able saving in cost. 

Commercial forging materials fall naturally into the fol- 
lowing groups: Steels, copper-base alloys, light metals, and 
nickel alloys. For general forging purposes plain carbon 
steel approximating the composition of SAE 1020 is widely 
used where heat treating or fine surface finish are un- 
necessary. For improved strength, wear resistance, dynamic 
Properties, corrosion resistance, response to heat treatment, 
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etc., there is available the whole range of carbon and 
alloy steels, including the NE steels, information regarding 
the forging qualities of which should be sought from the 
forgings producers. 

Copper-base alloys include forging brass (60-38 with 
2 per cent lead), the most popular for general purposes. 
Tobin bronze, also popular, has somewhat higher physicals. 
Manganese bronze and silicon bronze, being harder and 
tougher, are fairly difficult to forge compared with forg- 
ing brass. For superior resistance to corrosion silicon 














bronze, nickel-aluminum bronze and aluminum bronze are 






highly satisfactory while for good electrical conductivity 
copper and beryllium copper are used. The softer mate- 
rials undergo a certain amount of extrusion in the forging 















































Fig. 5—Aluminum spinning bucket for rayon yarn is 
rough forged by the upset method 


Fig. 6—Below—Shows dies for forging gear blanks in a 
press, also the three stages in the operation 
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press which aids flow into the die cavities. Larger pieces 
are often drop forged. 

Certain copper-base alloys, notably tin bronzes, beryl- 
lium copper and to some extent silicon bronzes are prone 
to “hot-shortness” or brittleness at forging temperature, 
causing forging difficulties. Contamination such as is pos- 
sible with the use of secondary materials greatly increases 
the hazard. For example, the presence of only .05 per cent 
silicon or .005 per cent calcium in aluminum bronze may 
render the material wholly unsuitable for forging, the re- 
sult being internal rupture, usually along the grain bound- 
aries. 

Light metal forgings (aluminum and magnesium alloys) 
have made spectacular gains in recent months. Forging of 
aluminum alloys is more difficult than with steel because 
of the sluggishness with which the metal flows into the 
dies. Press and hammer forging both are used for such 


Fig. 7—Below—Hot-pressed parts such as these can be 
produced in brass, bronze and other alloys 


parts. Because the maximum forging temperature of alumi. 
num is less than 900 degrees Fahr. no visual indication of 
temperature can be used, thus close temperature contra] 
is required. Nonferrous materials in general, and por. 
ticularly the light metals, require specialized knowledg 
and experience of successful forging. 


Aluminum Offers Range of Properties 


Aluminum alloys commonly employed include 25 and 
14S, which were primarily developed for forging pur. 
poses, and 17S which is popular for aircraft structural 
parts and fittings because of its superior resistance to gor. 
rosion and its machinability. For large and intricate forg- 
ing jobs such as, for example, crankcases for radial ai. 
plane engines, A51S should be specified because of the 
ease with which it flows. Strength at elevated temperatures 
is a characteristic of 32S and 18S, while 32S has the addi- 
tional quality of low coefficient of thermal expansion which 
recommends it for engine pistons. Other alloys include 
53S for certain types of corrosion and 11S for machin. 
ability. 

Magnesium forging alloys are noteworthy for their high 
specific strength (strength divided by specific gravity) 
and are usually press forged. Nickel alloys, including nickel 
and monel metal, are used primarily for their corrosion 
resisting properties. 

Principles of forging die design are so well established 
that in a typical forging plant less than one-half of one per 
cent of the dies have to be redesigned. The skill and 
knowledge that have made this possible are at the disposal 
of designers contemplating the use of forged machine 
parts, and consultation with forgings engineers before a 
design is too far advanced may be highly profitable. 

Macuine Desicn acknowledges with appreciation the co- 
operation of the following companies in the preparation of this 
article: The Ajax Manufacturing Co. (Figs. 4 and 8); Alumi- 
num Company of America (Fig. 5); The American Brass Co. 
( Fig. 7); American Magnesium Corp.; Ampco Metal Inc.; Hep- 
penstall Co.; Kropp Forge Co.; The National Machinery Co. 
(Figs. 1, 2, 3 and 6); The Steel Improvement & Forge Co, 
and The Waterbury Farrel Foundry & Machine Co. 


Fig. 8—These forging 
rolls produce aluminum 
propeller blade blanks 
from cylindrical stock 
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fig. 1—Photoelastic pattern of two bars with 
mother placed over them at right angles. The 
two bars are old specimens, one being vacuum 
died for three months, both annealed under same 
conditions. The third bar has considerable edge 
effect. Composite pattern through dried bar is 
straight to the edge showing no residual photo- 
elastic effect while the other curls noticeably 


Because edge effect is one of the most 
troublesome sources of error in interpret- 
ing photoelastic patterns and because this 
efect varies greatly depending on the 
atmosphere, material and age of model, 
qualitative data for evaluating edge effect 
is presented in the accompanying article 
together with suggestions for obtaining 

accurate results 


IME-EDGE effect in photoelastic models 

is markedly sensitive to changes in mois- 

ture content of the plastic. It is impor- 
tant to recognize this phenomenon in studying 
finge patterns. Proper allowances may then be made 
ud techniques developed to minimize errors due this 
cause. 

lllustrating edge effect, two old bars % by % by 6 inches 
ae shown in Fig. 1 with another bar in which there is 
onsiderable edge effect placed over the two at right 
agles. One of the old bars was vacuum dried for three 
months and then annealed with the other. The com- 
Pisite pattern shown is straight to the edge for the dried 
tar, showing no residual photoelastic edge efect. The 
ther curls noticeably. In Fig. 2 the two bars are shown 
inder bending moment. In the dried bar the lines run 
itaight to the edge, while in the other the lines curl. 

In a nicely annealed specimen, the edge stress will be 
mpression if moisture is absorbed and tension if mois- 
te is lost. This is true regardless of the grade of plastic 
inder consideration. Whether the freshly cut edges of a 


mdel gain or lose moisture depends upon two things 
Seen 
‘Based on a paper presented at the recent Eastern Photoelasticity 
Conference. 
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Edge Eftect 
Is Critical 
in Photoelasticity 


By Walter Leaf 


Research Technician 
The Denver and Rio Grande Western Railroad Co. 












































Fig. 2—Photoelastic patterns of the two bars shown in Fig. 1, 
under bending moments. In the dried bar at the top the lines 
run straight while in the other they curl at the edges 


only: The present moisture content of the material and 
the’ partial pressure of the 
medium. Thus for any kind of plastic there is an equi- 
librium reached wherein the percentage of moisture in the 


water-vapor surrounding 


outer layer is a function of the moisture content of the 
surrounding medium. Naturally, the various plastics be- 
have differently in the same medium. In air with 25 per 
cent relative humidity for example, fresh cut surfaces of 
BT 61893 Bakelite will absorb moisture while freshly cut ~ 
surfaces of BT 48005 or Catalin will lose moisture. 
Where a compressive strain has been created by ab- 
sorption of moisture at the edge over several month's 
time, creep has taken place and relaxation is not sufficient 
to remove this creep strain when the moisture is removed. 
Hence merely removing the moisture from the edge is 
not effective in removing the time-edge effect. The piece 
must be annealed. Depth of penetration of moisture into 
61893 is seemingly limited to about .2-inch even after 
three or four years. There is evidently a change of photo- 
elastic constant and Young’s modulus with change in 
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moisture content of the material. 

Data on absorption and loss of moisture in air 
and in water for the three plastics previously 
mentioned are shown in Fig. 4 which have been 
recorded on a calendar basis to show the changes 
of the various pieces under the same changing 
conditions. Most of the work was done dur- 
ing the summer and fall of 1942 in Denver when 
the weather was abnormally dry so that the nu- 
merical data would not necessarily be applicable 
to wetter climates. Trends, however, are defi- 
nitely indicated. 

No standard-shaped specimen has been used 
in this investigation for three reasons: First, ac- 
curate numerical data is of no particular impor- 
tance, trends being sought. Second, in some of 
the work, old surfaces were necessary, so any 
suitable piece available was used. Since ab- 
sorption is a function of surface layers of not 
very great depth, pieces were chosen where pos- 
sible so that the interference at corners and from 
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Fig. 3—Above— Moisture 
distribution through BT 
61893 for both 1/2 and 1/8- 
inch thick plates. Curves 
show gradient is constant 
regardless of thickness and 
that it is impossible to satu- 
rate a plate throughout to 
the same moisture conteni 


Fig. 4— Right—Absorption 
and loss of moisture for 
various plastics recorded 

on calendar basis |g. , 
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an opposite surface would be at a minimum. Third, until quanti- 
tative data has been collected, there is no background for the 
choice of a properly shaped quantitative specimen. 

The curve labeled “BT 61893, New Surfaces, in Air” gives 
increase in weight for a piece of this material .2 by .6 by 2.4-inch 
in size. Cut from the interior of a 1-inch block, from the start of 
the experiment until the end of October, a compressive edge ef. 
fect, looking through the .2-inch thickness, built up to a value of 
a little over one and one-quarter bands. A compensator bar with 
uniform bending moment was used to determine the stress cop. 
dition. The shape of the blacked-out area of the composite pat. 
tern is the shape of the stress diagram across the section studied, 
and the fringe order in the compensator bar gives the scale. 

On November 16 the edge stress had fallen off about one. 
quarter band from the value a few hundredths-inch inside, so that 
the stress diagram was then a distorted W rather than a U as pre. 
viously. The specimen showed a loss of only .0009-gram from a 
total of 7.5499 grams or only 12 parts in a hundred thousand, yet 
this extremely slight change in weight gave an easily detectable 
change in stress pattern. 

The specimen of Catalin was cut from a piece %s-inch thick 
and at least 18 months old. This specimen was % by % by 1 inch, 
having only four new surfaces out of the six, yet continued to lose 
moisture at the rate indicated a total of .027-gram from 3.5307 or 
.76 per cent. The edge stress was tension of about seven bands 
on November 18 looking through the %-inch thickness. A piece 
of 48005 was cut from the interior of a thick block and was in- 
vestigated for loss of weight in air. The stock was at least four 
years old. This material is unique in that it has the lowest ab- 
sorption rate in water and by far the greatest rate of loss in air. 
Small pieces of each material were immersed in water and the 
change in weight noted as shown. 

A piece of Catalin % by %4 by 4%-inch, weighing 29.5025 
grams was held at 125 degrees Cent. for 5 days in air in the an- 
nealing oven. It lost 1.9562 grams weight, or 6.6 per cent. It 
turned a deep red, and had four bands of tension at the edge. 
Several cracks from the high internal stress were formed. 


The data so far reported explains why it is impossible to an- 
neal Catalin and 48005 by the usual methods, since the edge 
stress is tensile caused by loss of moisture, and heating accelerates 
this loss. It is obviously possible to anneal either of these mate- 
rials if the moisture content of the surrounding medium be kept 
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at such a value that there would be no loss or gain of 
water by the plastic. It is entirely possible that the 
moisture content in the surrounding medium might have 
to be varied with changing temperature, making the 
process very complicated. So far, no attempt has been 
made to anneal a completely dried piece of either of these 
materials. 

Two other curves are given for old models of 61893. 
These two models were successive cross sections of a 
small, three-dimensional rail joint bar model and were 
inch thick. They weighed around 6.6 grams and had 
about 3 square inches of surface area. They were four 
years old in their present shape, and from 1-inch thick 
stock probably five years old, and had been exposed to 
the laboratory air. The first of these curves gives the 
data on the change of weight of one of these pieces, con- 
tinuing in laboratory air. 


Sulphuric Acid Is Best Desiccant 


The other curve for the similar model shows its loss 
of weight while stored in a desiccator. Calcium chloride 
was used as the desiccant from August 1 to October 14. 
The desiccator was also loaded with several dozen mis- 
cellaneous ‘old models. Freshly annealed models were 
put into this desiccator from time to time, and developed 
compressive time-edge effects slowly. International Crit- 
ical Tables list the vapor pressure of saturated calcium 
chloride solution as 5.7 millimeters of mercury at 20 de- 
grees Cent. which is above the partial pressure of water 
in air during dry periods. Consequently, sulphuric acid 
was put in the desiccator October 14, and immediately 
the piece lost moisture at a much more rapid rate. As 
late as Tanuary 18, 1943, this piece was still losing weight, 
although the shape of the curve indicates that equilibrium 
will soon be reached with a total loss of .0067-gram per 
square inch. 

Vapor pressure of water over 70 per cent sulphuric 
acid at 20 degrees Cent. is only .723 millimeters of mer- 
cury, consequently sulphuric acid is nearly 100 per cent 
efficient as a desiccant even after becoming diluted. Its 
disadvantage lies in the fact that one cannot tell what 
the strength of the acid is in the desiccator. To get 
around this, a shallow dish say two-third full of fresh acid 
could be put in the desiccator. When enough moisture 
to fill the dish had been absorbed, a fresh start could be 
made. 

Two experiments were run to determine the depth of 
penetration of moisture into 61893. For the first one, 
an indirect method, an old block .58 by 1 by 3 inches 
was used. The interior stress condition, looking through 
the l-inch thickness, was determined with a compensa- 
tor as being four bands of tension. The piece was put in 
a lathe and successive layers faced off parallel to the 
direction of observation. The same thickness was re- 
moved from each side. After each machining, the inte- 
rior stress condition was determined. The data were: 


Bands of Bands of 

Thickness Tension Thickness Tension 
580 4 335 1% 
444 2% .807 1% 
A415 2% .280 1% 
889 2% .253 1+ 
361 2 .209 1+ 
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Graphing these data gives a straight line, with the ex- 
ception of the fourth observation. The line breaks at 
thickness .253, being flat from then on, the one band of 
tension remaining being from creep strain. From these 
data the depth of penetration of moisture is .580 minus 
.253 divided by 2, or .163-inch. 

In the other method, a similar old bar was faced off 
in the lathe in increments of 0.25-inch on each side, and 
the moisture content of about one gram of the shavings 
determined. The data: 


Sample Depth from Percentage 
Number Surface Moisture 
1 013 554 
Beis Tete .038 469 
3 ere .063 429 
Serre. cee agten, sae 350 
eee 4 keane 114 .080 
eee re . 139 251 

er .164 360 
8 .188 .040 
9 213 .000 
10 .236 .000 


Graphing these data gives a reasonably good straight 
line arriving at zero moisture content at the depth of .22- 
inch. The two methods agree well. Moisture content 
was determined by desiccation over sulphuric acid at 
room temperature. The samples were weighed to the 
nearest one-tenth milligram. 

Definite advantages are to be obtained by working 
with the thinnest possible stock. Seemingly, a curve of 
moisture content across the thickness of the stock is a 
“Vv” with the branches sloping at a fairly definite angle, 
Fig. 3. If thick, a relatively large central portion of the 
stock is dry. If thin, however, the branches of the curve 
will meet at the center at a positive moisture content, and 
further changes on freshly cut edges will be proportion- 
ately lower. It is impossible to saturate a plate of 61893 
to the same moisture content throughout for there will 
be no diffusion unless there is a gradient. 

Based on these studies, it is recommended that stocks 
of BT 61893 be kept in storage in open air and that 
models be stored in an airtight container with 100 per 
cent sulphuric acid as a drying agent. 


NDER-SURFACE flaws and defects in heat treat- 

ment such as hard or soft spots are readily detected 
by a simple magnetic test developed at Westinghouse Re- 
search Laboratories. Suitable for symmetrical steel parts 
such as bearing races, the test involves rotating the part at 
high speed after it has been completely demagnetized to 
remove all traces of residual magnetism. Then it is highly 
magnetized so that flux extends outward from the surface 
being tested. This flux is explored with an electromagnet. 
Variations in the field, caused by defects, induce a voltage 
in the coil which are indicated on an oscilloscope. Because 
the piece is rotated synchronously with the cathode rav 
sweep, faults which show up as dips can be marked off 
in degrees and easily located on the test piece. In auto- 
matic production testing, the visual indication could be 
converted to an audible signal or automatic rejection for 
segregation of faulty pieces. 
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-aligning lever- 
opened open i ikes grips having renewable 
hard file faces, the Baldwin hydraulic spot- 
weld testing machine accommodates spec- 
imens from the smallest gage up to one- 
quarter inch thickness, no backing plates 
or liners being necessary. Because the ma- 
chine is used for production line testing, 
center of gravity is kept low for ease in 
hand moving and hoisting hood is provided 

for crane handling 


Below — Spindles of the LeMaire special 
multispindle machine for drilling bolt circle 
holes in crankshafts are driven through a 
cluster box, with connections to gears by 
universal joints. For drilling and reaming, 
movement of the spindle head is hydraulic- 
ally controlled allowing rapid advance, 


coarse feed, fine feed, and rapid return. For, 


tapping, taps are fed manually, being & re 
versed through the use of limit switcheg s 





Left—Continuous apron conveyor in 
the Tumbl-Spray metal washing 
machine tumbles the parts while 
they are subjected to cleansing ac- 
tion of sprays from overhead noz- 
zles. Open-type barrel gives access 
to, parts while in process, facilitating 
inspection. Reversing the conveyor 
unloads the machine, discharging 
the parts over a chute 


Above—An ele evice in the Progressive 
Flash-trol unit anticipates a short circuit in the 
welding arc, interrupting the feed and jerking 
back the feed platen a few thousandths of & 
inch. Upsetting speed and pressure on this 
flashwelder are obtained through the use 
an air-hydraulic booster actuated by a relay 
which is tripped by the platen when upsettiig 
position is reached 


Below—Driven by siuonized 
the sanding head @ pad of 

portable electric $#¢T are 

anced and sealed i dustproc 
Design for lightnes d compc 
aided by the use “ffdss insul. 
armature winding @he unive 


Left—Feed for the Hill-Bar- 
telt thread milling machine 
is accomplished by a cam 
synchronized with the work 
spindle, which governs the 
complete cycle. Driving ele- 
ments and electrical controls 
for this fully motorized ma- 
shine are completely en- 
slosed, with convenient ac- 
cess doors and plates 








Below—Keynote of design of the Oster Rapiduc- 
tion turret lathe is simplicity, so that unskilled 
operators may be quickly trained to its use. When 


equipped with — drive, machine = used for Above—Desi@iig@ for testing mechanical and 
heavy forming cuts while with direct drive it is ; : 
; radio parts fa raft used at high altitudes, 
adapted to high-speed work. Controls include ee 
rts ; : the Kold-Hol@t™itosphere unit operates be- 
automatic indexing of the six-station turret 
tween tempe es of —75 and 200 degrees 
—— Fahr. with pr s as low as three inches of 
mercury abs | Equipped with removable 
silica gel ca es for fog elimination, the 
ge space betwedmmgmnes of the inspection door is 
ogressive sealed a t moisture penetration 
uit in the 
d jerking 
ths of én 
- on this 
e use o! 
a relay 
upsetting 


riven by s™uonized dual 

ng head @ pad of the Sterlir 
electric #er are counterbal- 
d sealed dustproof gearcase. 
r lightnesfd compactness was 
the use O—ss insulation in the 
winding @e universal motor, 













MACHINE: \ DESIGN 


War Production Places Emphasis 


on Special Machines 


T has been said that within the next few months the peak of production 
for war (with the exception of aircraft) will have been reached and 
that from that time on little further increase can be expected. 


Assuming there is some truth in this statement, a number of primary 
reasons might be advanced to account for it. First is the scarcity of 
materials; second, shortage of manpower; and third, limitations on 
productive capacity. It is hard to believe, though, that any one of 
these reasons is valid or that they cannot in turn be overcome. 


Engineers in charge of design work can play a relatively small 
part in connection with shortages of materials, though as much as 
possible is being accomplished through conservation and substitution. 
The designer can and will, however, assume increasing importance 
with regard to the manpower shortage and the productive capacity 
of machines. 


The country’s present production, already the greatest in history, 
has been reached in the main through the use of standard machines 
which could be obtained and put to work in the least possible time. 
Only a comparatively small number of special-purpose machines have 
been produced because of the overwhelming demand for immediate 
delivery of all types of the more available standard equipment. But 
as the peak of production with present equipment is more nearly 
reached the position will rapidly reverse itself. 


Special-purpose machines ranging, for instance, from hand tools 
utilized in aircraft production to huge presses employed in the ship- 
building industry will be just as badly needed as standard equipment 
has been in the past. And this new special equipment will not only 
be called on to facilitate the increase of production to even higher 
levels—it will have to be suitable for operation, in many cases, in 
the hands of unskilled labor. 


That the designer of production equipment (as differentiated from 
combat machines) is sufficiently versatile to make the switch to reliable, 
easily operated, special-purpose machines is, we are confident, a 
foregone conclusion. Special machines were designed and built by 
the hundreds for automobile mass production before the war. The 
same design ingenuity and production technique will need to be in- 
creasingly applied in winning it. 
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Chart Aids Selection 
of Lubricants 


By Arthur H. Korn 


Chief Engineer 
Holly Pneumatic Systems, Inc. 


LTHOUGH choice of machine oils of 
A the proper lubricating qualities becomes 

ever more important with the use of 
higher speeds and heavier duty bearings, 
there seems to exist no general guide for their 
selection. Lubricants have many properties 
which are of importance in particular applica- 
tions. Behavior at high operating temperatures 
is a basic consideration. Where oil is subject to 
water contamination it must readily separate 
from the water. Lubricants which come into 
contact with certain chemicals should have 


TABLE [ 


Viscosity of Bearing Oils* 
Abs. viscosity at 122F 
Service Ib-sec in.-? (Reyns) 
Very light duty and high speed : aa 1.4 


Light or medium duty and medium or 
high speed ...... Peers oe i< ee 


Medium duty and medium or high speed.. 2.9 


Medium or heavy duty and medium or 


high speed ...... Pr eer ae 
Heavy duty and slow or medium speed 8.1 


Heavy duty and slow speed .... ,« ee 


*Based on a table in “The Practice of Lubrication” by 
T. C. Thomsen (McGraw-Hill Book Co.). 


the necessary resistance to attack. Many avail- 
able charts give oils of commercial designation 
which have proved satisfactory for certain en- 
gine and machine groups, but no general prin- 
ciple is discernible in such tabulations due to 
the variety of factors that have to be con- 
sidered. 

One property of an oil, however, which is 
a true measure of its lubricating qualities is 
the viscosity. A significant lead to the selec- 
tion of oils of proper viscosity appears in TABLE 


4MACHINE DEsIGN, January, 1943, Page 78. 
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I. The table is indicative of a fundamental 
law that viscosity should increase directly as 
the load and be inversely proportional to the 
speed. Mathematically such a law is written: 


n 
u—=constant ... pavcadeaueee athens mer 
Pp 


where » = absolute viscosity of lubricant, 
pound-second per square inch (Reyn); n = 
number of revolutions per minute; p — unit 
pressure on projected bearing area, pounds per 
square inch. 

If this is the law it should be possible to 
find the constant. It is significant that the 
term pn/p also appears in the equations gov- 
erning thick film lubrication’: 





2.8x 10-+( wn )" (az) 2 
cp 6+A4+4f Zz 


D—d+2(A+5) > 36 | wn 
d \ cp 





or, neglecting shaft deflection f, 


6+A \? 
p—-264e “*). wees (2) 
Pp d 
where 
=142(2 ) (3 
c= 5 Soc ee ) 


In these equations the notation is: 
B = Width of bearing 
D = Diameter of bearing (measured ) 
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d = Diameter of shaft (measured ) 

4 = Roughness of bearing 

5 = Roughness of shaft. 

To achieve complete separation of the slid- 
ing surfaces by a stable oi] film, »n/p must 
have the minimum value given by Equation 2, 


depending on the quality of the surface finishes. 


TABLE II 


Viscosity and System of Lubricationt 

Abs. viscosity at 1OOF 

Method of Application Ib-sec in.-? (Reyns) 
Circulation 3.0 min. 
Splash 4.5 max. 
Ring or Chain 5.5 max. 
Drop-feed 6.5 min. 
Wick-feed 7.5 max. 
Hand .. 8.5 max. 


+Compare with the table on Page 348 of “Lubricants 
and Lubrication” by J. I. Clower (McGraw-Hill Book Co.). 


This leads to a genuine criterion which should 
govern the selection of lubricants. A lubricant 
should be viscous enough to insure thick film 
lubrication, yet not unnecessarily viscous be- 
cause any increase in viscosity means greater 
power loss through fluid friction and higher 


2Fundamentals bf Machine Design, Page 235, 1938, The 
Macmillan Co. 


bearing temperatures. 

To obtain these conditions even for surfaces 
of poor finish, a ground shaft having § 
.00015-inch and a reamed bearing having A 
.0002-inch will be considered. The diameter 
is assumed to be 2 inches, the surface rough- 
ness for smaller sizes being presumed propor- 
tional to diameter. The rather unfavorable bear- 
ing proportion D/B = | also is assumed. If 
these figures are used in Equations 2 and 3 it 


is found that: 


ux 10°~6- 
n 


This seems to agree well with viscosity 
tables given in textbooks, especially for main 
bearings of reciprocating engines. It also ap- 
proximates the average of values recommended 
for a wide variety of other bearing types’. 

Viscosity of a lubricant is not exclusively de- 
termined by thick film lubrication. The various 
systems of supplying oil to the bearings func- 
tion properly only under certain conditions of 
maximum and minimum viscosity, TABLE II. 
Combining Equation 4 and Tas e II, the chart 
below will serve as a general guide for selecting 
and specifying lubricants. 





Viscosity at Opera ting lemperature 


p=Unit pressure on projected bearing area(/b persq in.) 


n= Revolutions per minute rpm) 


44 = Absolute viscosity in reyns(lb-sec per sq in) 
z = Absolute viscosity incentipoises(dyne-sec per sq decimeter) 


BY Ze) oled my 70 | 


Hand- feed 
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Oli get) (et dreys) 





MAcHINE Design—March, 1943 





van 7 


ase aiaiet! 





sia Aaa oni aCe i RN a SiS St 


Speeding 
Destruction 


The business of dropping 
a package of “eggs” on Tojo 
is easier and more efficient 
because of sleeve type bear- 
ings. The interesting feature 
of this application is that it 
employs a bearing mate- 
rial as new as the war. 





Johnson Pre-Cast Bearing BRONZE-ON-STEEL was 
developed to meet peacetime applications but, like many 
another product, it was easily converted to armament 
needs. When peace returns, manufacturers will find that 
Johnson BRONZE-ON-STEEL . . . combining the bearing 
qualities of BRONZE with the strength of STEEL... will 
give them greater bearing performance in their product. 
It will be available as fin- 
ished bearings or in strip 
form for stampings. It is an 
ideal metal for washers or 
other flat pieces. Complete 
information can be had by 
writing the Johnson Bronze 
Company, 525 South Mill 
Street, New Castle, Penna. 


Sleeve 
<<, JOHN 
Headquarters 
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LOOK . POR ThE 


LITTLE BLACK BOX! 





@ We believe every good American wants 
above all to get this war won. Certainly that 
is the spirit here in the “Connecticut” plant. 
But postwar planning is as necessary to the 
business world as to government. 

We do not believe tomorrow’s world and 
yesterday’s world have much in common. 

We think that many of tomorrow’s better 
things will come from “a little black box” 
containing automatic electric and electronic 
equipment. It will do much more than turn 
things on and off automatically at certain times 
— it will “look inside” materials being fabri- 
cated into finished products, “inspect” trans- 
portation equipment to be sure it is safe. It 
will improve communications amazingly. 

This “little black box” is not the invention 
of “Connecticut” or any other one company. 
It merely represents the practical application 
of advanced electrical and electronic princi- 
ples, many of which are being learned from 
wartime development. “Connecticut” develop- 
ment engineers will have much to offer the 
manufacturer who would like to see the magic 
of “‘a little black box” applied to his product, 
or to machines in his plant. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION 


wx 


REAT 
MERICAN 
wouSs TRIES 


MERIDEN, CONNECTICUT 
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PROFESSIONAL 
VIEWPOINTS 


‘« . . is wasting manpower” 


To the Editor: 

Why should our nation fight this production war with great 
quantities of obsolete and inefficient machines? We haye 
gone forward on the quickly available expedient of using what 
we could get soonest, anything to get started. 

Our many industrial triumphs were not attained alone by 
man hours and hard work, nor by sheer motor horsepower, 
We made special machines that would turn out more work 
in the space of a one-car garage than an acre of orthodox ma- 
chines could have done. The half billion people of Europe 
have had a mathematical superiority over the United States 
in a coefficient sort of way, and we must have some exponent 
of our own to make us so successful. 

When we seek to explain how we did this we invariably 
boast of our special machines. We do not dwell upon the 
volume or the weight of our machinery but upon those er- 
amples of mass production wizardry which are outstanding in 
efficiency. 

During the depression the buyer had more than he needed 
of standard machines and there began a furious development 
of special machines, designed to do a job efficiently, machines 
that would sell. Fierce competition was demanding low cast 
per piece. There was much agitation to tax or restrict such 
machines and all processes which reduced immediate em- 
ployment. The rate of this essential development has receded 
once again, inversely as the volume of manufacture increased 
and despite an entirely new set of conditions involving new 
kinds of products, in unprecedented quantities, to be made by 
increasingly scarcer and unskilled help. 

For two years past, war contracts should have intensified an 
interest in special machines. Everywhere the need is recog: 
nized but everywhere the same response. “Why”, is asked, 
“should we invest our money in special machines when we 
can get Government contracts negotiated on the basis of the 
equipment we have? A special machine may be unsuited for 
use on peacetime products.” 

Men making this statement are not entirely at fault. They 
are caught in an artificial situation where there is a penalty 
on the means that normal self interest and competitive intelli 
gence would cause to be developed. No one can plan in at 
atmosphere clouded with obscurity, mired in regulations and 
shot through with the lightning shafts of cancellation. The 
manufacturer can hardly be expected to show zeal for effi- 
ciency when the symbol of his market is the sword o 
Damocles. 

Many will admit the mistake in not running a_ vigorous 
development program in parallel with the present produc- 
tion plan. It will be said that we no longer have time 
design and build elaborate special machines, or that the shops 
and men are not available. The answer to that is that m* 
chine tool and other industries are beginning to divert - 
now for postwar development; they could design machines 
which would return the man hours put into them in a pen 
of three or four months and go on and on reducing the critical 
situation which faces us on manpower. 

In many cases the ingredient that makes a special machine 
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Technical Service 
helps you conserve 
critical materials 
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No matter whether newspaper headlines feature priorities, 
“PRP”, or the Controlled Materials Plan, the need for conser- 
vation never lessens. The war must be fought and won. That 

means critical materials by the carload. 

Perhaps you know that every pound of alloy must give maxi- 
mum service if our far-flung fighting forces are to be supplied 
and maintained. Nickel, particularly, is needed to give wartime 

steels greater strength, toughness and resistance to impact. 
Inco’s technical staff is organized to serve users of metals 
and alloys—to help manufacturers find and adapt alternative 
materials without sacrificing desirable and essential charac- 
teristics in the finished product. 
So if you have a problem involving the use 
of alloys—Nickel or otherwise—please write or N J C K EF [ 
wire for data or counsel from our technical staff. 
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Sty.e wo. 30 
1-way Swivel 





~iyse No. 10 
3-way Swivel 





Eliminate hose failures due to fatigue 
caused by vibration which is trans- 
ferred through rigid fittings. Chiksan 
Ball-Bearing Swing Joints provide 
necessary flexibility to absorb vibra- 
tion shock. 

IIlustration above shows a_ flexible 
Transfer Hose, built of steel pipe and 
Chiksan Swing Joints. Necessary 


flexibility is secured by using 1 Style 10 and 2 Style 30 
Chiksan Swing Joints. 

Double rows of ball bearings assure smooth, easy turning 
through full 360° in all kinds of service from vacuum to 
3,000 Ibs. working pressure. Nothing to tighten or adjust. 
Over 500 different Types, Styles and Sizes to choose 
from, for handling water, oil, gas, chemicals and steam. 
Tell us your problem and we'll suggest a practical answer. 

CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 


DISTRIBUTED NATIONALLY BY CRANE CO. 


BALL BEARING SWING JOINTS 


for ALL PURPOSES 
BREA, CALIFORNIA 








is ingenuity. The only fault we find with the machines = 
get off the shelf is that they multiply the operations, mep and 
floorspace, even jigs and tools, inspections and scrap, 
posed to this I have in mind a small machine which has six 
Delta drillpress heads articulated by a camshaft, with ap 2. 
tomatic clamping and conveying mechanism of simple de. 
sign. It replaces eleven turret lathes and fifteen people, Dn. 
ducing work so much more uniform and accurate that unce). 
tainty and scrap are reduced to a point where inspection jg 4) 
most unnecessary. With eleven operators there were always 
eleven different kinds of product and 20 per cent Scrap, 
Many more man hours went into the standard lathes than jnip 
this special machine. 

Haven’t we copied old stuff enough times now to begin 
something better? Shortage of labor can be traced to labor. 
wasting machines. 

—KEITH WATCHER 
Cincinnati, Ohio 


‘*. . . when designing a bearing” 


To the Editor: 

The interpretation of the hydrodynamic lubrication theoy 
in the article “Bearing Design as Affected by Lubrication 
Theory” (Macuine Desicn, January, 1943) reading: 

“The equations of hydrodynamic lubrication are char- 
acterized by the value “n/cp. As long as this value 
remains constant there can be no change in either 
oil film thickness or heat generation regardless of 


variations of load p and speed n. . . This is fallacious 
reasoning which overemphasizes the generation of 
heat”. 


is questionable for the following reasons: 

1. Oil film thickness is not only a function of “n/cp, but 
also of the bearing diameter and the clearance. 

2. Assuming a constant coefficient of friction for n/cp = 
constant (which assumption is only approximate; actually the 
coefficient of friction is dependent also upon the clearance), 
then the heat generated is a function of the diameter of the 
bearing. 

Hence, for a constant value of “n/cp, the oil film thickness 
and the heat generated are functions of the bearing diameter 
and the clearance. Clearance in turn is a function of the shaft 
deflection, surface roughness of bearing and shaft, and of the 
bearing material used. 

When designing a new bearing, the machine designer should 
check oil film thickness as well as heat generated, which 
means he must properly coordinate all of the influencing fac- 
tors; namely, diameter and length of the bearing, unit pressure, 
revolutions per minute, clearance, surface roughness of beat- 
ing and shaft, oil film thickness, temperature, oil viscosity, 00 
efficient of friction, running-in, conformability and_ strength 
properties of the bearing material, and hardness of the shaft 
surface. 

—BrRvuNO SACHS 
South Orange, N. ]. 


‘*. . . check up on heat dissipation’ 


To the Editor: 
Mr. Sachs is right regarding his Point 1. There is an ero 


of omission in the sentence referred to. It was meant to read: 


As long as this value remains constant there can be 
no change in either oil film thickness or heat genera- 
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The Family of 
Six Monsanto Plastics 


(Trade names designate M to’s 
exclusive formulations of these 
basic plastic materials) 


LUSTRON (polystyrene) - SAFLEX 
(vinylacetal) - NITRON (cellulose 
nitrate) + FIBESTOS (cellulose ace- 
tate) » OPALON (cast phenolicresin) 
RESINOX (phenolic compounds) 


Sheets » Rods » Tubes * Molding 
Compounds « Castings » Vuepak Rigid 
Transparent Packaging Materials 
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GOGGLES FOR A STREAMLINED ARMY... ONE 
OF WAR’S BEST REDESIGNS FOR PLASTICS 


Tuis is a high-speed, highly mechanized 
war. As a result, our fighting men need 
protective goggles in such unprecedented 
quantities that a year ago production of 
conventional types (left) from precisely 
machined metal parts and ground glass 
was falling alarmingly behind demand. 
In search of a solution, military optical 
experts called in the research talent 
of the Polaroid Corporation—with the 
happy result you see below. 

Frames of these new, all-purpose gog- 
gles are simply and quickly molded in 
one piece from reclaimed rubber. The 
one-piece lens is fabricated with equal 


ease from Polaroid films incorporating 
Monsanto's clear, tough Fibestos (cellu- 
lose acetate.) In lenses for protection 
against glare, polarizing films are used. 
In those for protection chiefly against 
wind or in colored lenses for special 
purposes, films are non-polarizing. The 
different types are all quickly and eas- 
ily interchangeable in the one standard 
frame. 

Today, goggles precise enough for 
specialists like aircraft gunners are being 
turned out in sufficient quantities to 
equip every man in our armed forces who 
needs eye protection. 











Four metal snaps hold the flex- 
ible, non-breakable, Fibestos 
lens which is also non-fogging, 
highly scratch-resistant. 


| .\ 
\ \ 
7 





















To change a lens takes less 
than a minute. Several differ- 
ent types are supplied with 
each frame. 


Note how rubber straps and 
frame hold the goggles snugly 
and securely toany shape head. 





MONSANTO 
PLASTICS | 


SERVING INDUSTRY...WHICH SERVES MANKIND | 









At the command of Polaroid technicians responsible 
for this outstanding job of redesign was another group 
of experts— Monsanto’s technical service engineers and 
plastics research chemists. Thanks to their quick work, 
Fibestos formulations ideally suited to Polaroid pro- 
cesses were developed. 

With their years of experience and wide knowledge 
of a broad range of plastics these men are a useful group 
to have at your service on any job. For their help 
on your war or essential civilian job, write or wire: 
MONSANTO CHEMICAL COMPANY, Plastics Division, 
Springfield, Massachusetts. 
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“E” for Excellence 


sv In receiving this joint cCita- 
tion of the Army and Navy, 
the management and eaurerereral 
fo) ame Wolo’, erta elarueterte Company 
recognize that the award car- 
ries with it not only an honor 
but a grave responsibility. We 
will discharge that res ponsi- 
bility by making every effort to 
increase the flow of vital parts 

for ‘planes, tanks, trucks, ships, 

combat cars, radios afid muni- 
tions which Weatherhead 
plants have been turning out at 


the rate of millions every day! 


Look Ahead with @ 


Weatherhead 


THE WEATHERHEAD CO., CLEVELAND, OHIO 


Manufacturers of vital parts for the automotive, 


aviation, refrigeration and other key industries. 


Branch Offices: 


Detroit, Los Angeles, New York and St. Louis. 





tion for a given bearing regardless of variations of 
load p and speed n. 


With this wording, I am sure, Mr. Sachs will agree. 


also covers Point 2. There is no disagreement. 


Alas, how? 


—ARTHUR H. Korn 
New York, N. Y. 


** . . wood replaces metal”’ 


To the Editor: 


It is heartening to see how recent advances in utilization 
of wood is helping the metal conservation program. Many parts 
that formerly were metal are now being manufactured from 
wood by the same makers and are being advertised as such, 
requiring no priority rating. 
High-density wood products such as Pregwood, Super. 
pressed plywood, Compreg, Improved Wood, etc., (made by 
impregnating plies of wood with resins and bonding together 
in a hotplate press) are replacing metal in countless places. 
Density of the material and its strength characteristics can 
be varied by varying the amount of pressure and the impregna- 
tion. Thickness can be varied in different portions of the same 
assembly, as in the case of airplane propellers. Materials of 
this kind can be used and will be used for many parts in me 
chines. In those places where designers have found them adapt- 
able, the overall saving in vital metals has been great. 
Lightness is incorporated with strength. That means some- 
thing for portable and mobile equipment. Also, in the case 
of fast-reciprocating machine parts these light materials are 
useful. Even in machine gears, the new super-pressed ply- 
woods are displacing other materials sorely needed in the 
war effort. The density obtained by the high degree of pres- 
sure and impregnation makes them amenable to machining 
on any gearcutting machine. Wood pulleys of the flat-face 
type have always been on the market and the improved wood 
materials now available are being used by some leading 
manufacturers of transmission equipment for V-belt pulleys 
also. 
Wood has one tremendous advantage over most metals m 
its ability to withstand vibration without fatigue and conse 
quent breakage. Hickory helves of riveting machines, maple 
pitmans and hickory picker sticks for the textile industry ar 
examples. Wood has held its own remarkably under tension, 
too. Wooden sucker rods as used in many severe pumping 
installations typifying the extreme type of service encountered 
in these applications. 
—JouN E. HYLER 
Peoria, Ill. 


LACKOUT means more than just turning off the switch 
If it is to be effective, safety measures must be employed. 
Blackout is to blind and confuse the enemy not demoraliz 
ourselves. According to S. G. Hibben, chairman of the com 
mittee on Defense for the Illuminating Engineering Society; 
proper methods provide sufficient illumination for normal a 
tivity in factories and homes without letting telltale light leak 





through to enemy eyes. 


Point 2, is not clear since my article didn’t assume a gy, 
stant coefficient of friction in connection with the hydrodynamic 
theory. It merely pointed out the reasoning which led to the 
supposedly governing factors pv ~ constant prior to the advent 
of the hydrodynamic theory. Otherwise my answer to Point | 


As to the last paragraph of Mr. Sachs’ letter, I heartily agree 
that the machine designer should check up on heat generation, 
It is also just as important to check up 6. heat dissipation, 
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turret. The hoist works day and night 
—constantly starting and stopping, fre- 
quently overloaded, seldom lubricated. 
That’s why hoist manufacturers turned 
to the Torrington Needle Bearing to 
make product performance more 
dependable. 

The plane turret, on the other hand, 
performs its task in a single, short, 
action-crowded interval, followed by 
thorough overhauling. But in those few 
swift moments of aerial combat, there’s 
no leeway for the failure of any part. So 
turret designers, too, selected the Needle 


KEYED TO TODAY'S NEEDS 


AND TOMORROW'S TRENDS 
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Bearing, to give reliable performance— 
and many other needed features as well. 
Quick response, for example, as the 
gunner pivots and somersaults to keep 
an enemy fighter in his sights—that 
comes from the Needle Bearing’s low 
starting friction. A few more inches of 
space in the turret’s cramped quarters, 
made possible by the bearing’s small 
size. More rounds of ammunition or 
more gallons of fuel on board—result of 
the bearing’s weight-saving features. 
And faster turret production because of 
the bearing’s ready availability. 

WHEN YOU DESIGN YOUR POST-WAR PRODUCTS, 
there may be a hint for you in a bearing 
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as versatile as this. Long life, high load 
capacity, faster speeds, compact design, 
less need of attention—aren’t these just 
the features your customers will be 
looking for? Torrington engineers will 
show you how you can give your prod- 
uct these advantages with the Needle 
Bearing. For preliminary information 
on sizes and ratings, and for a list of 
many typical applications, write for 
Catalog No. 109. 


THE TORRINGTON COMPANY 
Established 1866 * Torrington, Connecticut, U. S. A. 

Mokers of Needle and Ball Bearings 
New York Boston Philadelphia Detroit > 
Cleveland Seattle Chicago San Francisco 
los Angeles Toronto London, England 
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New PARTS AND MATERIALS: 


Air-Operated Finger Chucks 


DDED to the Airgrip holding device line of Anker- 
Holth Mfg. Co., 332 South Michigan avenue, Chicago, 

are special compensating type finger chucks. These air-op- 
erated chucks are so de- 

signed that one finger 

pulls in farther than the 

other, thereby compen- 

sating for varying thick- 

nesses of pieces to be 

held. The design also 

permits pieces to be lo- 

cated from a fixed cen- 

ter stop position. Piece 

is driven by two fixed 

driving pins and the part 

is held against the chuck 

face by two “compensat- 

inz” fingers. Chuck 

body is flanged and 

dried for direct mounting on the spindle nose. Range of 
finger travel is adjustable to suit requirements. Available in 
a range of sizes the chucks may be operated by the company’s 
high-speed revolving air cylinders, made in sizes from 3 to 
18 inches inclusive. The chucks are furnished for second 
overation work to extremely close tolerances, and the one 
illustrated is for such work on M 61, 75-millimeter shell forg- 
ings. They also have many apptications where standard three- 


jaw chucks cannot be used. 


Pressed Steel Disk Wheel 


UITED to many duties on which rubber-tired wheels were 
sJ formerly used, a strong, lightweight, roller bearing dual- 
disk pressed whee’ has been develpoed by French & Hecht 
liic.. Davenpori. Ta., for light and medium portable equip- 


ment. Of 10-inch diameter, the wheel consists of two pressed 
steel disks, steel rim and hub, all welded into a single wheel 
unit. Fair tire width permits travel over soft terrain. The 
wheels, it is claimed, will meet all requirements for light and 
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medium portable equipment such as preheaters for bomber 
portable welders, compressors, generators, battery charges! 
mowers, milking machines, and small concrete vibrators, 7 


Linestarter for Minimum Space 


EQUIRING less than half the mounting space of forme 
R units, Westinghouse Electric & Mfg. Co., East Pitts 
burgh, has introduced its new Size 2 Class 11-200 line 
for machine tools, textile machinery, pumps, fans and simile 
equipment. ‘There is no sacrifice of wiring space in this eg 
pact linestarter which is designed for group mountings, built 


in applications or remote mountings. The linestarter has 4 
new clapper-type armature with knife-edge bearings. Double- 
break silver to silver contacts are utilized in the unit, elim 
inating shunts and reducing maintenance. Overload relays 
are reset either by hand or automatically. Where sequence o 
auxiliary interlocking is required, provision is made on the 
linestarter for a total of four normally-open or normally: 
closed electrical interlocks. 


Manganese Base Alloy Offered 


( FFERING several outstanding physical properties, a ne" 

manganese base alloy known as No. 772 is being i 
troduced by W. M. Chace Co., 1600 Beard avenue, Detroit 
Over 70 per cent of the alloy is manganese. This high mar 
ganese content and the resulting physical properties are ma 
possible by use of electrolytic manganese of a purity higher 
than 99.9 per cent. The characteristics claimed for the ally 
include a high electrical resistivity, a high thermal expansi® 
rate, a high vibration damping constant and a low the 
conductivity combined with good ductility and high tensile 
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UD IN YOUR BYE” 


% “Mudding” the core for a vital aluminum cast- 
ing ...an important operation in speeding the 
production of Nazi Exterminating Equipment. 


The skill and experience of this core and mold fin- 
isher, symbolizes the outstanding quality of Nation- 
als’ sand and permanent mold aluminum castings. 


Good enough is not enough for Uncle Sam. That's 
why American fighting equipment is the best in 
the world. National aluminum castings are used in 
practically all of Uncle Sam's fighting equipment. 
So, with slicks* in the hands of experienced men 
“pasting” and “mudding” cores, it’s mud in your 
eye Schicklgruber. 


*Name of tool used in pasting and mudding 


ALUMINUM CASTINGS 





AKERS OF QUALITY SAND AND PERMANENT MOLD ALUMINUM CASTINGS 














HEATER used by Army Air Forces 7 « * 
for heating photographic trailer, : 
Several tubular parts including 
the stack are made of Carpenter 
Welded Stainless Tubing to resist 
heat and corrosion. 


HOW THESE 


E 

yniroRM TUP 
help to boost OUTPUT 
and conserve metals... 


The uniform wall thickness of this Welded Stainless Tubing 
permits the use of lighter gauges without sacrificing strength. 
And lighter gauges mean easier forming, cutting and welding... 
an important plus wherever skilled workers are at a premium! 
Then too, the use of Welded Stainless Tubing, pioneered by 
Carpenter, helps to conserve valuable metal. 


Longer service life is one feature of equipment and parts made 
from Carpenter Welded Stainless Tubing. There are no thin 
spots to “give out” as a result of constant heat, corrosion, 
pressure or wear. 


If you would like help in applying this tubing to your design or 
production problems, let us know. Carpenter’s service represen- 
tatives can help you get the most from Welded Stainless Tubing. 


If you use Welded Stainless Tubing, or 
are planning its use, ask for Carpenter's 
QUICK FACTS bulletins. 


your company letterhead will start them 


A note on 


on the way—to help you use Welded 


Stainless Tubing to best advantage. 








Carpenter Welded Stainless Tubing 


@ resists corrosion, heat and wear 
e@ meets Government specifications 
© is 100% hydrostatically tested 

© has a high strength/weight ratio 


THE CARPENTER STEEL COMPANY 
Welded -Alloy Tube Division ~ Kenilworth, N. J. 


Carpenter 


WELDED 
STAINLESS TUBING 














strength. Electrical resistance is 1050 ohms per Circular pj 
foot. The physical properties of the material enable it 4) be 
used for such low temperature resistor applications as rhe, 
stats, auxiliary heaters for circuit breakers, and electrical 
heated expansion elements. Use of high thermal expansio 
rate of the alloy has resulted in improved thermostatic jj 
metals, and offers the same possibilities for other types ¢ 
differential expansion mechanisms. The low thermal q, 
ductivity permits use of the material for parts of soldering 
irons, circuit breakers and other equipment in which hp» 
barriers can be used. The alloy can be fabricated by usyj 
rolling, drawing and machining operations, and is available j 
sheets, strips and rods. 


Enlarge Powder Metal Line 


MALL powder metal parts of special design and shape 
which eliminate machining operations are being include 
in the line of Keystone Carbon Co., 2027 State street, § 
Marys, Pa. These parts which formerly needed considerab 
machining, are now being produced by the company } 











powder metallurgy. Typical of the small metal parts ar 
Cams, eccentric parts, levers, rotors, ‘slide blocks, and other 
similar parts. Tolerances are readily maintained in thes 
parts, and moving units can be prelubricated for improved r- 
sistance to wear. The process permits the use of alloys, ani 
porosity and specific gravity can be acquired to exact spec: 
fications. 


Battery-Cutout Relay Announced 


OR use in ship service and in any application where bit 
teries are charged from generators, a new automatic but 
tery-cutout relay, Type HAP, is now being marketed by Cer 
eral Electric Co., Schenectady, N. Y. It performs practically 





the same function as a circuit cutout device in an automobil 
When battery voltage is lower than that of the startit 
source, the relay closes the charging circuit. When charging 





MaAcHINE Drsicn—March, 19) 


Ma 


Per Circular pj 
enable it t |, 
cations as theo. 
and electric}, 
ermal eXPansio 
thermostatic 
other types r 
d thermal COn- 
rts Of solderin 
in which hey 
icated by usu) 
1 is available j 


uine 


sign and shape 


being include 
tate street, § 
-d_ considerable 
, company by 


tal parts are 
ks, and other 
ined in thes 
- improved re- 
of alloys, and 
OD exact speci- 


unced 


om where bat: 





utomatic bat- 
eted by Ger- 
ns_practicall 


automobile 
the _ starting 
en charging 


March, 1948 


Ssbeaes 
ae 


“ 
ie enormous striking power of 


America’s eager, fighting planes comes 
largely from the amazing accuracy of 
their hundreds of precision parts. 


Prominent among these parts are the 
smooth rolling Hyatt bearings into 
which we build great capacity while 
holding them true to required precision 


tolerances. 


Ranging from hyper-quality large en- 
gine crankshaft bearings to relatively 
smaller super-smooth bearings for 
superchargers, Hyatt precision products 


faithfully serve the nation through the 


aircraft industry. 


But, aviation is not the only field 
in which Hyatt Roller Bearings are 
battling the Axis. 


Their proved performance under 
battle conditions in tanks, guns, ships 
and trucks... their round-the-clock 
operation in factories, on farms and rail- 
ways... all reflect the many advantages 


of their high precision manufacture. 


Hyatt Bearings Division, General 


Motors Corporation, Harrison, N. 3 


HYATT ROLLER BEARINGS 


MACHINE DresicgN—March, 1945 





~~ 








SHAPE 


ELECTRIC HEAT 


TO SUIT YOUR NEEDS 





G-F CALROD heaters 
can be bent to fit 


BENDABLE 





APPLICABLE 


( oft DURABLE 


EASILY INSTALLED—-These heaters can be formed in 
a grid or wound in a helix. They can be clamped 
onto a surface, laid in a groove, inserted in a 
block, or cast in. 


DIFFERENT TYPES of G-E Calrod heaters are avail- 
able to meet the special conditions of almost 
every job requiring a temperature up to 1500 F 
on the sheath. Economical in operation, the 
Calrod heating element is completely sealed 
against moisture and air, fully insulated, and 
practically indestructible. 

For full information and prices on G-E Calrod 


heaters, write for Bulletin GEA-2653. General Electric 
Company, Schenectady, N. Y. 


GENERAL (% ELECTRIC 
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voltage drops to a value below the battery voltage the ney 
cutout relay opens the circuit on a small reverse Current 


| Available continuous current ratings are: 2.5, 4, 6.5, 10, 1 
| 25, 40, 65, and 100 amperes. Voltage ratings are 75 Vel 


(3-cell batteries) to 300 volts (120-cell batteries). Relay jg 
set to pick up at slightly below the normal charging Voltage, 


Circulatory Pumps” Announced 
UITABLE for installation 


on machinery requiring 
a coolant or circulatory unit, 
a number of new pumps 
have been announced by Jy. 
gersoll Rand Co., 11 Broad. 
way, New York. In the ney 
line are included %4-inch ang 
l-inch side - wall - mounted 
types, a 1%-inch side-wall 
mounted type for low-sub 
mergence applications, and a 
1%-inch horizontal type, Be 
sides being applicable to 
lathes, drills, automatics, cut 
off machines, and _ grindes 
which require a constant sup 
ply of coolant fluid or cut 
ting oil, they can be used for 





evaporative condensers, ait- 
conditioning units, washer, 
etc. The new pumps are an addition to the line of coolant 
pumps previously available which include %4-inch, 1-inch and 
1%-inch immersion-type pumps and a _ 1%-inch_ side-wal- 
mounted type. 


High-Speed Aircraft Relay 


OR aircraft radio equipment Model AK relay has been 
compactly designed by Allied Control Co., 227 Fulton 
street, New York, for high voltage, hizh speed and resistance 
to vibration. Its push-pull magnetic arrangement provides 
magnetic holding pressure on both transmit and receive com 





tacts. One pole is equipped with two windings, one of which 
is a holding winding connected directly across the battery 
supply. The other is connected in series with the single wind: 
ing on the other pole and polarized so that when the circult 
is completed through the key, the flux is neutralized on ihe 
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A Blast for the Axis — This battery of American 
Metal Hose sections conveys air to new converters 
at Anaconda Copper Mining Company's Anaconda, 
Montana, Reduction Works. Their flexibility compen- 
sates for violent temperature changes; their rugged- 
ness promotes steady production of vital copper. 
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One of the most attractive features of flexible 
metal hose and tubing is its seemingly endless 
range of application. Using virtually any work- 


American Seamless 
— corrugated from 
seamless rigid tubing 

.. no welds, laps or 
joints...made in sev- 
eral alloys. 





able metal, we can build flexible hose or tubing 
for almost any purpose—from a simple spout to 
a high pressure seamless hydraulic line that can 
be flexed millions of times without breaking—a 
line that will give you the flexibility of garden 


bA 


AMERICAN METAL HOSE BRANCH OF THE AMERICAN BRASS COMPANY « General Offices: 
Subsidiary of Anaconda Copper Mining Company «In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario 
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hose, the dependability of metal and the strength 
of rigid pipe! 

Whether you need a flexible connector for 
misaligned cr moving parts, for isolating vibra- 


tion, for conveying air, water, oil, steam or fuel, 


en American Interlocked 

~a“4aa4 —wound of strip metal, 

an saat joints packed; the tough- 

wee est type of extremely 
7 flexible metal hose. 





you'll likely find we have a type of flexible metal 
hose or tubing that will do the job more capably. 


43197 





Waterbury, Conn. 


holding or receiving-position pole and the armature Pulls yp 
to the transmit position. The bucking flux is Cut off }y 
opening the key, and the holding flux pulls the armature bad. 
to receive positior® Relay is completely balagged, and js 
arms are equipped with antibounce features* Tt keyg a x 
cycles, and its contact rating is 1000 volts at 30,000 feet, % 
megacycles, 4-pole double-throw. Insulated to sustain 1000) 
volts at sea level the relay is furnished in standard models . 
12 and 24 volts direct current. Wattage consumption js 53 
in first position and 17.0 in second. It withstands Vibratory 
motion to better than 20 G. Mounted with elastic stop nuts 
the relay measures 2 7/16 x 3% x 2%-inch and weighs jf 
ounces. All of the terminals of this high-speed relay are easily 
accessible. The insulation plate is produced of high-presgyp 
stearite material. 


Bracket and Fastener Combined 


EW angle brackets with self-contained fasteners are now 
being produced by Tinnerman Products Inc., 20% 
Fulton road, Cleveland, to speed up angular attachmenh 
and reduce weight in aircraft and other war equipment. Tk 
outstanding feature of the bracket is an integrally formed 





speed nut in one or both sides of the bracket according to the 
requirement of the application. The combination bracket is 
made for 8Z and 10Z Air Corps sheet metal screws and 
standard rivets. When used in connection with conduit and 
piping this new bracket also permits the use of standan 
bonding clamps in place of ear-type aluminum bondiag 
clamps. The fact that the nut is a part of the bracket reduces 
the number of parts as well as weight. The new bracket 
already in use in aircraft plants that previously manufactured 
their own plain brackets and assembled them with separate 
self-locking nuts. 


/2ecixy HYDRO-POWER HYDRAULIC 
CYLINDER and RAM ASSEMBLIES 
. » « For Your Machine Movements 


Many types and capacities 
available. Large illustration 
shows a special combination 
unit for both lifting and ro- 
tating actions to manipulate 
electric furnace covers 
weighing many tons. In con- 
trast are the small units 
shown for precise actuation 
of machine tool controls. 


Relay Developed for Aircraft 


EVELOPED by the G-M Laboratories, 4326 North Kno 
avenue, Chicago, the new 3PDT Type 27 relay is 
tended particularly for aircraft use but also has advantages for 





These are examples of 
HYDRO-POWER'’S engi- 
neering skill to apply hy- 
draulics to your particular 


other specialized uses. The relay measures 2 x 1% x 2¥-inch 
and weighs 5 ounces. Its characteristics are: Acceleration, 15 
g-plus; nominal coil voltage, 12 volts direct current; pick-up. § 
6.5 volts (.92 watt) at 20 degrees Cent.; coil wattage at 12 


problem. Write us. volts direct current, 3.2 watts; contact pressure, 60 grails 


HYDRO-POWER SYSTEMS, INC. 
DIVISION of THE HYDRAULIC PRESS MFG. CO: 
Mount Gilead, Ohio, U. S. A. 


contact capactiy, 10 amperes at 30 volts direct current; and 
temperature rise is 32 degrees Centigrade at 12 volts direct 


y hydro 
power 


Jf current. 


> 


Electronic Spot Welding Control 


OR precise operation of resistance-welding machines, § 
new electronic half-cycle, synchronous control is being % 
fered by General Electric Co., Schenectady, N. Y. The co 
trol, mounted in a protecting cabinet, is available in two tyP® 


HYDRO-POWER | 


HYDRAULIC PUMPS AND CONTROLS - VALVES = CYLINDER AND RAM 
ASSEMBLIES - POWER UNITS - SYSTEMS - SPECIAL HYDRAULIC EQUIPMENT. 
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DESIGN OF SPECIAL BEARINGS is an important 
aspect of Bantam’s service in meeting unusual 
requirements. These triple-race radial ball 
: i | bearings were designed to eliminate starting 
bined : ee i : friction in dynamometers, where this variable 

factor would seriously affect the accuracy of 
the test results. Very close dimensional toler- 


eners ar ° : ° ‘ 
rig ‘7? 5 ae Y 4 ances were maintained in these bearings as 
"ts Inc., 205 " ie : 5 ce an added assurance of accurate results. 

r attachments : 2 

uipment. The 


grally formed 


V ZZZZZD 


10 SPEED THE ANNEALING of iron alloys, these furnaces built by Continental Industrial 

Engineers, Inc., are designed for rapid handling of the work. Metal to be heat treated 

glides smoothly into the furnace on easy-turning rollers. As shown in cross-section, 

each roller turns on an anti-friction bearing unit assembled from Bantam Needle 

Rollers. A hardened sleeve, also furnished by Bantam, forms the outer raceway. IN MARINE APPLICATIONS TOO, Bantam Bear- 
ings play their part in improving product per- 
formance. Twin Disc Clutch Company uses 

Le oes i ‘ Bantam Bearings for the throwout bearing 

-ording to the QZ i ‘ ij \ - \ on its widely used Marine Reverse and 

on bracket is ag : _ A Reduction Gears, one of which is shown here 

| screws and i — =i , oe ‘ on a 215-HP engine. 


conduit and 

of standard 
um bonding 
acket reduces 
»w bracket is 
manufactured 
with separate 








raft 

: a \ . WHEN LARGE-SIZE BEARINGS ARE NEEDED, 
} North Knox 6 \ 4 Bantam’s experience in the design and manu- 
"relay is i : WY YS t | a” a | facture of heavy-duty bearings is of special val- 
dvantages for Mbit Ne i ue. Bantam s line includes every major type of 
Ye x 2Ye-inch et _. Sa 2, ee — a anti-friction bearing—in sizes up to the largest 
, L i regyp ce onl ever built. If you have a problem involving 
eleration, 1 a j } exceptionally severe bearing requirements, 
rent; pick-up © ESSE SSASANZ d | Owe TURN TO BANTAM. 
attage at 12 eee i 





, 60 grams, 
current; and 


volts direct 
IN MACHINE TOOLS, the Quill Bearing’s small \ 


size, high capacity, low friction coefficient, 


and efficient lubrication make it possible to 4 
combine long life, low power consumption, ANTAM EARINGS 


ntrol. pi compact product design. A typical in- 
; stance is the use of Quill Bearings on the front . 
machines * HH cariage assembly of Semi-Automatic Shell STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE - BALL 
is being 0 Lathes built by Morey Machinery Co., Inc. BANTAM BEARINGS CORPORATION + SOUTH BEND + INDIANA 


The ow fet further details on this unusual anti- SUBSIDIARY OF THE TORRINGTON COMPANY - TORRINGTON, CONN. 
n two types: tion bearing unit, write for Bulletin B-104. 
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Embodying 
an industrial 
“Four Freedoms” 


MORGANITE 












Top brush performance—efficient opera- 
tion in motorized applications—is ob- 
tainable with MORGANITE brushes. 
Taking the gigantic Victory power loads 
in their stride, these brushes emphasize 
freedom from excessive energy loss, free- 
dom from sparking, from noise, and 
from undue maintenance. 


For years a leader in peace-time pro- 
duction, MORGANITE brushes are now 
widely specified for military and naval 
equipment. The advantages embodied 
in these products are available for your 
essential work, too, 











WRITE FOR DATA BOOKLET 


The MORGANITE 30-page 
informative booklet is avail- 
able on request without ob- 
ligation. The correct type, 
body,- material and applica- 
tion are described in detail. 


MORGANITE BRUSH CO. 


InconrPORaATEs 
LONG ISLAND CITY, NEW YORK 





MORGANITE 
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CR7503-A136, which also includes a welding transformer anj 
is designed for bench mounting, and CR7503-A133 Which j 
without a transformer and designed for wall mounting.  Bofh 
can be used either with tongs or a suitable bench welder, Jy 
this control are featured the new GL-445 tube, a new cireui 
for high-speed welding, and a simplified initiating Circuit for 
improving performance and reducing maintenance. The new 
design also incorporates heat control by the phase-shift method 
Heat adjustment is made by a dial mounted on the front of 
the cabinet. The control facilitates welding of tinned cop. 
per, steel or alloy wires, of studs to flat surfaces, with little 
or no indentation on the opposite surface of the metal; and the 
spot welding of unusually thin pieces of stainless or mild steel 
nickel, or silver to brass or bronze, with negligible oxidation o 
discoloration. With this control it is also possible to weld 
low resistance joints which are unaffected by temperatures jp 
excess of 125 degrees Cent., the point at which certain types 
of soldered joints weaken and often collapse, resulting in com 
plete elimination of solder, with a corresponding saving of tip, 


Solenoid Motor Starter Available 


ANY new features have been added to the new them 
load V solenoid motor starter recently announced fy 
Monitor Controller Co., Baltimore. The most notable fe 
ture is the bimetal compensated overload relay which pe 





mits perfect starter operation under extremes of ambient tem- 
perature. Full overload protection is obtainable because the 
trip occurs within the same time at a given percentage of 
overload. Safeguarding the motor, a unique arrangement pre 
vents operator from improvising any method to hold the 
starter button in the “on” position, thus preventing the tp 
when overload occurs. The operator must press the button 
and release it before contact is made. The starter measures 
5%4 x 5% x 4% inch. Some of the other features are its resilient, 
shockproof mounting which eliminates objectionable hum, 
double-break contacts of pure silver, and easily interchange 
able coils for different voltages. It is available in five sizes— 
1.5 to 7.5 horsepower for 110 to 550 volts alternating currett 
services. This new thermaloid V solenoid motor starter hi 
been tested and approved by the Underwriters’ Laboratory, 
and it meets overload time specifications. 


General Purpose Limit Switch 


N ANNOUNCEMENT has just been released on a ne" 
type LS limit switch of roller arm, spring retum type 
by Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa, This 
switch is designed primarily for making and breaking oom 
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Your designers may, for the first time, be turning 
to magnesium alloys, as they are called upon 
to save as much weight as possible in combat 
equipment. That, of course, is where all Mazlo 
Magnesium castings, forgings, sheet and shapes 
are going today. Plant men, too, are discovering 
the economies possible because of the high 
speeds at which magnesium can be machined. 
They are learning its fabricating techniques. 

All of this experience will stand these men 
in good stead, as the present widespread 
use of magnesium alloys carries over into 
postwar production. ‘We made war materiel 


MAGNESIUM 








ie ac es 
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lighter with magnesium. Many peacetime 
products need that same dependable lightness.” 

There'll be an abundance of Mazlo Mag- 
nesium Products for your use, when the war is 
over. And available, too, will be all of the ex- 
perience gained by American Magnesium Cor- 
poration during the past twenty years. We are 
helping manufacturers employ magnesium to 
best advantage; developing new and improved 
fabricating methods that assure highest qual- 
ity for users of Mazlo Magnesium Products. 
Sales Agent: Aluminum Company of America, 
1703 Gulf Building, Pittsburgh, Pennsylvania. 


PRODUCTS 


o. oe 


MERICAN. MAGNESIUM 


j- for these warplane engines 
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A,SPECIAL JOB ONCE! 


This 50 contact Cannon Con- 
nector was developed for use 
in a modern bomber. Net 
only must it be well-built but 
it must do its job in a tight 
spot. Space where it is used 
is so limited and it has so 
many contacts that a built-in 
gear and lever device is re- 
quired to connect and dis- 
connect the fittings. 





OW-ASTANDARD 
CANNON PLUG 


This unusually complex Connector was designed 
for and is doing a vital job in the aircraft industry. 

It is available, as is, or in many another variation 
for any industry that may find itself up against a 
like problem in complex and concentrated wiring. 

This is typical of the thousands of Cannon Con- 
nectors developed for one industry, but which are 
now Siandard Cannon Plugs. 

It’s true, few industries need a Connector of this 
type, but its complex mechanism is indicative of 
the high order of workmanship available at Cannon 
... home of precision-built connectors of 100°’, 
dependability. It is more than likely you will find a 
Standard Cannon Plug to meet your special needs. 


Cannon has prepared a Condensed Catalog 
Supplement that gives a resumé of many of the 
Connectors of general use. This supplement 
covers types P, O, X, M, TQ, XK and SS Fit- 
tings. Drop us a line on your business letter- 
head and we'll be glad to send you one. 
Address Department AE, Cannon Electric Devel- 
opment Co., Los Angeles, California. 


CANNON ELECTRIC 


Cannon Electric Development Co., Los Angeles, Calif. 









Canadian Factory and Engineering Office: 





+t 


« 
CANNON 


ee Cannon Electric Company, Limited, Toronto, Canada 


Representatives in principal cities — consult your local telephone bock 


134 


trol circuits or indicating circuits at a fixed point in the Opera. 
ing cycle. Replaceable double-break self-aligning silver 7 
silver contacts are used for long life and dependability in nell 
ation. A set of normally open and a set of normally ¢g 4 
contacts are included. Built for heavy-duty applications 
switch is protected from accidental damage by a heavy al 
iron enclosure. All wearing surfaces are hardened steel o mad 
of special alloys, and all corrodible parts are cadmium-plated, 
Operating arm of the switch can be set in any one of thirty 
positions, and is available in two sizes. Standard arm js 94) 
inch and the short arm 1%-inch between center. 
























Safety Switch Is Dust-Tight 


EATHERPROOF, dust-tight, heavy-duty safety switches, 

announced by Federal Electric Products Co., Newark, 
N. J., are designed for use in grain elevators, steel, chemical, 
brewery, ordnance, woodworking, textile and flour industries 
Both cover and enclosing case are cold rolled sheet steel which 
decreases weight. Covers are fastened to case by heavy comp 
sion-proof. eye-bolts and wing nuts, the eyebolts acting a 
hinges on the left side of switch. A heavy rubber gasket be 
tween two layers of steel on inside surface of cover increases 
weatherproof and dust-repelling qualities of the switch. Ip 

































terlocking covers are standard. Two tapped conduit entrances 
of the proper size are furnished with all enclosures. The # 
ampere switches have one hub for %4-inch conduit on top and 
bottom; the 60°ampere sizes have one hub for 1%-inch conduit; 
the 100 ampere sizes have two hubs for 14-inch conduit; and 
the 200 ampere sizes have two hubs for 2% inches conduit ia 
top and bottom. _To facilitate drilling of additional holes, t 
inforced pads have been placed at sides and top. If specified, 
two additional holes will be drilled where pads are located. 
Maximum size possible for these drillings for 30 and 60 an 
peres is 1% inches, for 100 and 200 amperes, 2% inches. 









a Jy 







Motor-Driven Reset Timers 






YNCHRONOUS motor-driven timers of the reset type ae 

available through R. W. Cramer Co. Inc., Centerbrook, 
Conn., for time ranges up to five hours and longer. Having 
a wide application for timing electrical circuits such as the 
automatic timing of machine operations, chemical and food 
processing or heating processes, these timers repeat their 
time cycle upon manual operation of a built-in start button. 
Two types are available, the RS4.and RS5. The former has | 
a double-throw switch and open or closes the circuit, depe 
ing upon choice of circuit, and starts by pressing and them 
releasing the start button, which also resets the timer. 
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RS5 is different in that it is mechanically heid in g neutral 
position when button is depressed and starts the timing cygle 
by pulling start button outwardly. Encased in black bakes! 
lite cases for flush panel mounting, the timers operate a single. 
pole, double-throw switch with a capacity of 10 amperes at 
115 volts or 5 amperes at 220 volts alternating-current non- 
inductive load. They will control a 1/3-horsepower motor 
load, a heater load of 1200 watts, a lamp load of 250 watts 
or a relay load which does not exceed 15 amperes inrush at 
115 volts alternating current. The timers measure 3%-inch 
in diameter and about 4%-inch in overall length, and can be 
supplied in dust or moistureproof surface mounting steel hoys. 
ings as well as in explosionproof cases arranged for conduit 
connections. They can also be had with built-in visual or 


audible signals. 
B 


Engineering Dept. Equipment 


































Compass for Small Circles 


OR draftsmen and metal workers a new instrument for 

scribing and drawing small circles a few thousandths to % 
inch radius has been brought out by the Ithaca Scientific In- 
strument Co., Ithaca, N. Y. This compass was developed to 
overcome the difficulty encountered in attempting to scribe 
small circles with dividers. The pencil adapter in the com- 
pass furnishes the draftsman with an improved rivet compass. 


All 


Tilting the compass makes it draw an ellipse, which character- 








istic makes it possible to blend curves with tangents when j 
center is slightly out of position. When using pencil adapter 
the worn clamp nut is tightened until snug to avoid trouble 
from backlash but not enough to injure the worm gear when 
setting. For maximum rigidity and accuracy, the compass is 


used with scribing needle as short as work will permit. For 
largest circle, scribing needle is set to its greatest length. The j 





compass is furnished in a durable case, complete with scrib- 
ing needle, pencil adapter and a supply of leads. 


Waterproof Ink for Drawings 


VAILABLE in twenty-three colors, a drawing ink has 

been developed by Louis Melind Co., 362 West Chi- 
cago avenue, Chicago. It is a free-flowing waterproof ink 
which lends itself well to reproductions, inasmuch as 4 fine 
line may be drawn without feathering or bleeding. The 
claim is made that the ink will not cake in bottle, or b 
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MOLD DESIGN 


Ga esigning Molded Plastics Parts: fo\si:nnon 


he timing cycle 
in black bake, \ 
— a single. 
a F h . hd fil f ) P| H A 
fee rom the engineering files of One Plastics Avenue 
‘Sepower Motor | 
d of 250 Watts | 
Peres inrush a 
easure 3%-inch 
th, and can be 
‘ing steel hous. 
ed for conduit 
ilt-in visual or 


Practically any design can be molded, but 
adherence to approved standards will give 
more serviceable and more economical parts. 
Considerations which make for better mold 










































BAD GOOD FIG. 1 design are as follows: 
ment 1. Sharp corners, unless produced in a mold built 
up of sections or unless located at the cutoff, require 
is extra expensive die work. Deep barriers and fins like- 
emmy | Sermo | em tm wise require difficult mold work. 
instrument f 
ssandths to r 2. In forming grill sections, etc., avoid passing two 
Scientific In- mold sections so close as to require a vertical cutoff. 
developed to (Fig. 1) 
Hing to scribe FIG. 2 F 
in the com- 3. Deep slots or keyways must be molded by. long 
rivet c ASS, ° ° * 
oa aaa thin rectangular pins; round out the center portion 
to strengthen the mold pin if possible. (Fig. 2) 
4. Pins, wedges and threaded plugs which must be 
removelul from the mold during the molding cycle are 
likely to become nicked and rounded over. If possible, 
provide fillets and grooves in the molded part to allow 
ends of pins and wedges to become rounded over, or 
FIG. 3 to allow shoulders on the tools to absorb abuse. 





(Fig. 3) 
5. Avoid melded parts which necessitate delicate 
mold sections such as shown in Figs. 4 and 5. 


Y IF, | | ONE PLASTICS AVENUE at Pittsfield, Massa- 
Y/ | chusetts, is the headquarters for five plants of the 








gents when Plastics Department of General Electric Company. 
nee a FIG. 4 It signifies the location of complete plastics facilities 
1 gear when for development, material manufacture, designing, 
— engineering, moldmaking, molding and laminating. 
length. The REPRINTS of this advertisement may be obtained by 
- with serib writing Section E-3, General Electric, Plastics De- 

partment, One Plastics Avenue, Pittsfield, Mass. Also 
ngs available upon request is a 16-page folder on design- 





ing molded plastic parts. 
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or pen. While in use for over two years by government 
agencies, it is only now being offered to the genera] public 
The ink is available in %4-ounce, quill-stopper bottles, te 
also in 4, 16 and 32-ounce containers. 


THE BOOST THAT PUTS 
THOUSANDS OF H. P. INTO ACTION 


V-Construction Drawing Tables 


-~CONSTRUCTION wooden tables are now being offered 
by Engineering Sales Co., Sheboygan, Wis., replacing 
steel construction ones. The drawing top is five-ply solid 
basswood lumber core with two plies of basswood on face and 
back in %4-inch thickness. It is a one-piece top, eliminating 
seams, cracks and joints. Base is heavily constructed and fp. 


At many bases, under various conditions, the starting of 

airplane motors often presents real problems. To step up, 

speed up and conserve starting equipment, “boosters” are 
used, powered by dependable Briggs & Stratton gasoline 
motors. This is but one of many “out-of-the-ordinary”’ 
applications which, with scores of more familiar uses, 
make up a most impressive list of ways the armed forces 
are being scrved by Briggs & Stratton motors. 








As an emergency wartime 











ished in olive green to resemble steel. Tilt of drawing table 
is adjustable to any angle from vertical to horizontal with g 
simple positive clamping device. Height is adjustable from 
32 inches to 39 inches. The tables are offered in sizes from 
21x26 inches to 24x36 inches. Two other special modes 
No. V8003 (regular construction) and No. V8003X (extra 
heavy construction) are offered with tops 30 x 42 inches. The 














service, we are trying to route 
“used” Briggs & Stratton mo- telescopic tilting device in these models provides for greater 
bine hema enan bag ah ng = strength and rigidity. The tables are otherwise similar to the I] 
those who need them so badly. regular models. Three types of tops are available: Plain five- radi 
Do you know where there are ply with natural water-proof finish with no straightedge or the 
any Briggs & Stratton 4-cycle, parallel ruling device; five-ply top with waterproof finish and F gilie 
air-cooled gasoline motors built-in parallel ruling device, with plain bakelite straight- alig: 
ee ae eee = edge not having transparent edges; and five-ply top with water- of | 
active service? proof finish and built-in parallel ruling device, equipped with i 
If so, please write us, Ss. bakelite straightedge having transparent plastic edges. ing 
er lige al oi 
as to general aout, Resilient Drawing Board Tops free 
We will serve as a “clear- pres 
ing house” to make contacts O RELIEVE conditions in drafting departments, W. # > aqq 
pg ‘sundlaaeen and pros- Long Co., 425 North Clark street, Chicago, has announced liqu 
BRIGGS & eneatinn cone its new drawing board tops known as “No-Ink”. This top 8 T 
MILWAUKEE, WISCONSIN, U.S.A. a specially processed white composition %-inch thick, which firs 
may be permanently glued to any drawing board. A 3-H ot like 
harder pencil can be used. The drawing surface is resilient, of 
allowing paper to be indented under slight pressure of pencil the 
| All lines are drawn with a double stroke. The microscopic 1- 
| dentation made by the first stroke is filled with lead by the 
back stroke which results in a solid, opaque line. Due to the ¢ 
use of hard lead, lines do not smudge when drawings a me 
worked over for any length of time. While the top yields to “a 
pressure of pencil, indentations disappear and needle holes vi 
made by compass also close up. It is chip-proof and washable, _ 
and is available in any required size to fit drawing boards. 
M: 
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Resilient, flexi- 


ble, liquid-an 
ant bushing 
ring of one of 
synthetic R 
positions: 


IN case the carbon disc in this 
radial-type seal wears unevenly, 
the bushing must be sufficiently re- 
silient and flexible to correct mis- 
alignment and keep the entire face 
of the disc in contact with the 
brass member of the seal. The bush- 
ing must also grip the shaft tightly 
enough to be driven by it—yet be 
free to move along it, under spring 
pressure, to take up disc wear. In 
addition, it must prevent seepage of 
liquid or gas along the shaft. 

The manufacturer of this unit 
first tried bushings made of rubber- 
like compositions and others made 
of leather, but he found none of 
them wholly satisfactory. 


Solution 
So he called in an Armstrong 
sealing specialist, who recommended 
one of Armstrong’s Synthetic Rub- 
ber Compositions. It filled the bill 
80 well that the manufacturer 
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d-gas-resist- 
and gasket 
Armstrong’s 
ubber Com- 


adopted the same material for use 
as the gasket ring, which holds the 
stationary seal seat in the cup- 
shaped seal chamber cover. He re- 
ports both applications trouble-free. 


Rolls, Cut Parts, Special Shapes 

Possibly in your equipment you 
have tried gaskets or seals which 
lack one or more desirable charac- 
teristics. Or, perhaps, uncertainty 
about a sealing problem is delaying 


GASKETS 


shing, 


resistant to 


ain its properties 


your development of a new prod- 
uct. In either case, call in an Arm- 
strong engineer. He can supply the 
right material from Armstrong’s 
more than fifty specialized sealing 
compositions—available in_ rolls, 
sheets, die-cut parts, and molded or 
extruded shapes. Write for the free 
catalog describing their physical 
properties. Armstrong Cork Com- 
pany, Industrial Division, 5103 Arch 
Street, Lancaster, Pennsylvania. 


ARMSTRONG’S 
GASKETS - SEALS -. PACKINGS 


a 


Synthetic Rubbers « 
Cork Compositions 
Fiber Sheet Packings 


Cork-and-Synthetic-Rubber Compositions * 
Cork-and-Rubber Compositions 
Rag Felt Papers 


Natural Cork 


*FORMERLY ‘tCORPRENE’? 














Washers and 
cut parts 







of S.A.E. FELTS coated with 
rubberized compounds . . . 
any shape or density 


- .. depending on the job to be done 


FELT 


has proved invaluable in wartime! 


Technological advances in the art of manufacturing 
FELT make it advisable for anyone who requires an 


MEN OF 
MACHINES 


FTER twenty- 

eight years with 
the Geo. D. Roper 
Corp., Rockford, IIL, 
S. H. Hobson was elect- 
ed a member of the 
board of directors and 
president of the com- 
pany, succeeding the 
late Mabon P. Roper. 
Well known to the in- 
dustry, Mr. Hobson has 
moved up progressive- 
ly from assistant fore- 
man to the presidency. 
From 1919-1929 he 


was chief engineer and 





supervised various un- 

dertakings of the com- 

pany. When the Roper-owned Blackhawk Engineering Co. 
was formed in 1941, Mr. Hobson was made president of this 
company. He continued, however, to act as executive vice 
president of the Geo. D. Roper Corp. until his present ap- 
pointment. In view of his lengthy connection with the com- 
pany, Mr. Hobson is in position to maintain its long-estab- 
lished policies. 


alternate for rubber, cork or leather to consult us. Our | 


experience as the most important FELT maker has 


proved highly beneficial and profitable to companies | 


whose needs for critical materials could be supplied by 


less critical wool FELT. Working closely with new and | 
old customers and spurred by the necessity of producing | 


satisfactory alternates, we have developed FELTS with 
properties, and for uses, undreamed of before the War. 


Reasonably prompt deliveries can be made. Capable con- | 
sultants are available. Samples will be sent on request. | 
Your inquiry will have immediate, executive attention. | 


American Felt 
Company 


TRADE MARK 


General Offices: GLENVILLE, Conn. 


NewYork ; Boston ; Chicago; Philadelphia; Cleveland ; Detroit ; St.Louis ; San Francisco 


PRODUCERS OF FINEST QUALITY PARTS FOR OIL RETAINERS, WICKS, 
GREASE RETAINERS, DUST EXCLUDERS, GASKETS, PACKING FELTS, 
VIBRATION ISOLATING FELTS AND INSULATING FELTS 
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ECENT changes in the gear department of General Elee- 
tric Co., Lynn Works, includes the retirement of A. A 

Ross as engineer and the appointment of E. N. Twogood to 
| replace him. Mr. Twogood has been executive assistant to 
Mr. Ross since 1923. He was born in Fulton, South Dakota 
in 1833 and was graduated from the University of California 





in 1910 with electrical and mechanical engineering degree. 
In the same year he entered the test course sponsored by the 
General Electric Co. He became a member of the turbine de 
partment in 1916, and in seven years was transferred to the 
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USUAL SIZE 


sineering Co, One pound of gear steel or bronze CAN be 
sident of this | made to do the work of as much as three 
xecutive vice 


present ap- 
ith the com- 
s long-estab- 


eneral Elee- 
ent of A. A 
Twogood to 
> assistant to 


of California 





pounds. 


In gears, the amount of metal needed 
depends primarily on the size necessary to 
take care of the load to be transmitted. 


But the load capacity also varies with the 
type of gearing used: The greater the tooth 
contact, the larger the number of teeth in 
contact, the greater the load the gear can 
carry. 


That’s why Cone-Drives save so much 
weight. In Cone-Drives you have up to 30 
times the normal contact area. That means 
you can safely reduce gear dimensions by 
as much as one-third or more and still get 
the same load capacity. 


That one-third reduction in size means a 
saving of as much as two-thirds of the gear 
weight.* 


Comparison of a typical Cone-Drive Conservation is vital. We can help you get 


with a worm gear set of the same more gears per pound. Write or wire today 
for a manual on Cone-Drive gearing.** 


load capacity. 
*Plus the savings due to smaller housings, etc. 


*&xFor Design Engineers 
For Executives CW-40-IA 


ing degrees. 
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MOT@AIR vecssox, 


SAVES 
PRECIOUS 
METAL 
FOR 
USE IN 


WAR 
ESSENTIALS! 


and does more efficient work 
BECAUSE of its SIMPLE DESIGN 


NOW-—less parts means more than just “less parts to 
wear out’’—it means vital savings in precious metal scarci- 
ties; added inducement to consider the compact, depend- 
able Motoair Pump! 


WIDE RANGE OF SIZE AND CAPACITY! 


Motoair is widely used as an accessory to machines using 

air or vacuum in industry as well as War work. Also as 

a “‘cleaner-blower’’, for laboratory or shop use. It's port- 
able. Plug-in, saves piping air to 
different shop locations. . . . 


Write for Details 


MOTOAIR DIVISION 


NEW JERSEY MACHINE 


CORPORATION 
Chicago Office 
15th & Willow Ave., Hoboken, N. J. 325 W. Huron St. 
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metal gear and pinion department at Lynn, Mass, 
Mr. Ross, who is retiring, was born in Nova Scotia, € 

in 1876 and has been with the company since 1894, Jp 1913 
he was transferred to the Lynn River works where he Was 
gear and pinion specialist. His appointment as engineer of 
the gear department came in 1923. During his retirement he 
will devote part of his time to the company as a consultant, 
He is a past president of the American Gear Manufactureg 
association. In the accompanying photograph Mr. Ross js 
shown at the left, Mr. Twogood at the right. 


a 


E. B. Poot has become associated with the Dodge Chicago 
Aircraft Engine division as supervisor of physical testing. 


ced 


E. H. Drx Jr., chief metallurgist, and R. L. Tempum, chief 
engineer of tests, have been named assistant directors of the 
Aluminum Research Laboratories, New Kensington, Pa. 


a 


ETHAN A. Berry has joined the Empire Ordnance Com, 
Philadelphia, as engineer. He had been connected with the 
Chicago Pneumatic Tool Co. 


SSOCIATED with 

Chambers 

burg Engineering (Co, 

as vice president since 

1934, Commander R. E. 

W. Harrison, USN, 

has been recalled to ae- 

tive duty and will be 

in the office of the Un 

der-Secretary of the 

Navy, serving directly 

under Admiral H. 6. 

Bowen. Commander 

Harrison had been in 

temporary inactive 

duty and had retumed 

to Chambersburg ia 

July, 1942. He was 

born in Manchester, 

England, in 1893. After graduation he joined the Churchill 

Machine Tool Co. Ltd., where he remained until the World 

War. Serving in the 42nd Division of the Royal Engineers 

during the war he afterward joined the Signal Corps and held 

a commission. Then until 1926 he was connected again with 

the Churchill organization. At this time he came to the 

United States and became a member of the engineering stall 

of the Cincinnati Milling Machine Co., later becoming chief 

engineer and director of Cincinnati Grinders Inc. Commandet 

Harrison holds a number of patents on precision grinding m& 

chine applications and has contributed a number of papers # 
the proceedings of technical societies. 

2 


M. H. Kapps, who had been connected as research enginett) 
with Carter Carburetor Corp., is now project engineer at the 
Diesel Engine division of General Motors Corp. 

cod 

Pror. Rosert MEIKLEJOHN has been appointed acting 
chairman of the department of engineering drawing, Ohio | 
State university. 

& 

W. A. ScHLEGEL of the metallurgical department, Carpentét 

Steel Co., Reading, Pa. has been awarded the Henry Marioi 
(Continued on Page 148) 
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The Louis Allis Co., Milwaukee 
{arch, 1943 a —— ee 
BUY U. S. WAR BONDS — REGULARLY EVERY PAY DAY 











IN WAR OR PEACE 
YOU CAN DEPEND ON 
THE LOUIS ALLIS CO 



















THE LOUIS ALLIS CO., MILWAUKEE, WIS. 
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@ When the pressure is on for 
production of a vitally needed war 
product... and a shortage of con- 
ventional materials blocks progress 
... FELT in one of the many forms 
developed by Western may provide 
the answer. 

Particularly is this true where the 
job demands insulation, resiliency, 
sound deadening, flexibility, com- 
pressibility, resistance to water and 
many. other properties of rubber. 

On any problem involving the use 
of felt. . . or the substitution of this 
material for another. . . draw freely 
on the extensive background of 
Western Felt’s 42 years’ experi- 
ence in fabricating felt to close 
specifications. 

WESTERN FELT WORKS 
Chicago, lll.: 4035-4117 Ogden Ave. 


Detroit, Mich.: 420 Stephenson Bidg. 
Branch Offices in All Principal Cities 







The Acadia Synthetic Division of 
Western Felt are processors of 
Plastics (Sheets, Extrusions, Tub- 
ings, Molded Parts) and Synthetic 
Rubber. Write for information. 


Largest Independent Manufacturers and 7 ht 
Cutters of Hair, Wool and Jute Felts 
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(Continued from Page 142) 
Howe gold medal by the American Society 
his technical paper on “Surface Carbon 
Grain Size of 18-4-1 High Speed Steel.” 


for Metals, fy 
Chemistry and 


oO 


Gene D. Sickert has recently been made chief engi 
engineer 
Perfex Corp., Milwaukee. ' 4 


a 


WittuaM A. HEINE Jr. has left his position as automotiye 
engineer with Tide Water Associated Oil Co., to become ¢higt 
engineer of Acromark Corp., Elizebeth, N. J. 


- 


WOLFGANG E. SCHWARZMANN has become consulting 
neer for the American Bosch Corp., Springfield, Mass. He 
prieviously was chief engineer of the Aviation division of th 
company. 


a@ 


VERNE S. WuiteE, who had been project engineer, Aircraft 
Engine division, Continental Motors Corp., has become design 
engineer of Ford Motor Co., Dearborn, Mich. 


R d NGINEER since 

ee 1908 at Westing. 

house Electric & Mig. 

Co., David Hall has 

recently retired. Mr. 

Hall has headed engi- 

neering activities for 

the company in the 

Los Angeles area since 

1926, and served @ 

engineering supervisor 

until mid-1941, when 

he was named assistant 

to the Pacific coast dis 

trict engineering mat- 

ager and assigned to 

special work. Mr. Hall 

was born in Tennessee 

and was __ graduated 

from Lehigh university as an electrical engineer in 1896. He 

entered the electrical industry the same year and joined Wes 

inghouse at East Pittsburgh eight years later. Until 1926 he 

was active in the design and construction of direct-current 

equipment in the power engineering section. He also played 

a prominent part in designing and building equipment which 

made electrification possible. For many years he was Ie 

sponsible for the design of large direct-current machines, and 

helped develop the first practical direct-current drive for the 

Pacific coast oil drilling operations. Mr. Hall has also for the 

past ten years served as special lecturer on electrical machine 
design at the University of Southern California. 





* 


SyLVAN EUGENE BurKE, formerly tool designer at Wright 
Aeronautical Corp. has joined the Propeller division, Wickwire 
Spencer Steel Co., New York city, as chief tool designer. 


° 


James*W. Cart has been promoted to the post of mechatt- 
cal engineer at Cleveland Pneumatic Tool Co., Cleveland. 


o 


Dr. CuHao-CuHen Wane, twenty-eight year old Chinese de- 
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LABORATORY 


sein recently Ball Bearings with honed raceways were only 
available as handmade laboratory samples. These samples sparkled 
. and were almost as expensive! 


and shone like precious jewels . . 
And then Hoover engineers, after years of research, announced a 
method of honing the raceways of ball bearings mechanically, and 
on a volume basis, The result is America’s only bearing with honed 
faceways . . . raceways with a degree of uniformity, and exactness 
in precision, smoothness, and quietness, previously only attained in 
expensive handmade samples. It means that when you select Hoover 
Ball Bearings your bearing dollars buy increased load capacity, ex- 
tended life, higher allowable speeds and many other advantages 
contributed by this exclusive feature. And the cost is so reasonable 
that these improved bearings may be adopted as standard equipment 


on all commercial products of quality. 


1945 
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SAMPLES 
ON A VOLUME BASIS 


* 


HOOVER 
BALL AND BEARING COMPANY 


ANN ARBOR, MICHIGAN 


Vianufacturers of 


BALLS, BALI BEARINGS, ROLLER BEARINGS 











230 Park Ave. 


4150 


Among the 21 different 
types of ABSCO Meehanite, there is unques- 
tionably one having characteristics best suited 
for your particular job. There are heat, wear 
and corrosion-resisting types for special appli- 
cations. Remember that ABSCO Meehanite 
bridges the gap between iron and steel! Stand- 
ard ABSCO Meehanite Castings provide high 
strength, vibration-absorption qualities and best 
machinability. You can depend upon the prop- 
erties of ABSCO Meehanite Castings because 
they are obtained by means of strict metallurgi- 
cal control of metal structure and accurate regu- 
lation of raw materials and. foundry practice. 
Certain types of ABSCO Meehanite respond to 
heat treatment and flame hardening, thus pro- 
viding higher strength and hardness when 
needed. 

ABSCO Meehanite permits faster machining 
speeds than steel or most alloy iron castings as 
proved by rating tests. Cast to accurate dimen- 
sions, it requires less finish metal and so further 
reduces machining time. 

Let us show you how ABSCO Meehanite can 
help you solve problems involving steel, bronze 
and other critical materials. 


Brake Shoe 


BRAKE SHOE & CASTINGS DIVISION 





3212 








New York, N.Y. 


sign engineer, is at work in the electronics laboratory gf 
Westinghouse Electric & Mfg. Co., designing high-pow, 
radio tubes. Dr. Wang has enlisted for the duration Be 
member of “America’s production army.” r 


od 


Haroitp W. AGER Jr. automotive engineer, has become ap 
automotive technician in the U. S. War Department Desert 
. r . 

Training Center, Camp Young, Calif. 


% 


Pau Louis Smitu, an engineer at Douglas Aircraft Co. Ine 
Santa Monica, has been appointed assistant methods analysis 
engineer of the company. 

m 


Francis P. O'CONNELL, who formerly was a technician in 
the development department of Baldwin Rubber Co., Pontiac 
Mich., has been made inspector of ordnance materiel at the 
Detroit Ordnance district. 

o 


Date EMMET WI~kins has been made assistant project engi- 
neer on turbo-superchargers, Wright Aeronautical Corp., Pater. 
son, N. J. Previously he was senior test engineer. 


* 


Wooprow L. Wrosiewski has recently joined the Briggs 
Mfg. Co., Detroit, as stress engineer. He held a similar position 
with the Eastern Aircraft division, General Motors Cor, 
prior to his new connection. 


ARTHUR R. PaRILLA, who formerly was chief engineer of 
Chicago Pneumatic Tool Co., Garfield, N. J., is at present 
working on special assignments for the Eastern Aircraft Divi- 
sion, General Motors Corp., Linden, N. J. 


* 


Francis GALpo has accepted a position as designer with As- 
sociated Designers, Birmingham, Mich. He had previously 
been connected as designer with the Yellow Truck & Coach 
Mfg. Co. 


oO 


J. M. Luruer has become assistant chief engineer of Globe 
Aircraft Co., Fort Worth, Tex. He had previously been 
associated with the Curtiss-Wright organization. 


2 


Frank Sittoway has been elected president of the Farm 
Equipment Institute. Vice president of Deere & Co., Moline, 
Ill., Mr. Silloway served as chairman of the institute’s execu 
tive committee. 

= 

WituiaM J. Simpson has joined the engineering staff of 
Milton Roy Pumps, Philadelphia, manufacturers of chemical 
high-pressure and controlled-volume pumps. A graduate et 
gineer of Pennsylvania State College, he has for several year 
been design engineer for Baldwin Locomotive Works, Baldwit- 
Southwark Corp. and Brill Car Co. 


a 


Cuartes F. Wacner and Dean Harvey, veteran engil- 
eers, have been honored by Westinghouse Electric & Mfg. 
Co. for their outstanding contributions to the electrical indus- 
try, by being awarded the company’s Order of Merit. Mr. 
Wagner was honored for his lightning studies, while Mr. 
Harvey was given recognition for his contribution to the 
war effort as a member of the conservation division of the 
War Production Board. Mr. Wagner is manager of central 
station engineering and Mr. Harvey is materials and stand- 
ards engineer. 
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OWER CHUCKING 


WRITE FOR BULLETIN 


Co. 


"AIRGRIP’ CHUCK DIVISION 


332 So. MICHIGAN AVE .. GHIGAGO,. iba: 
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Your Conversion—Assembly—Production 
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—§$—REX-WELD—— 
Flexible Metal Hose 


Rex-Weld Hose —Annular Corrugations 


nn 


Pe titeeerie 





+ * 0,448 4 
Perigeee peeetirg # P 


RW-80 Unbraided RW-81 Braided 





Rex-Weld Hose —— Helical Corrugations 


H/\\N 


RW-90 Unbraided 





RW-91 Braided 







































































—General Data— 
STEEL BRONZE 
Sizes To 4” |.D. To 4” |.D. 
Pressures To 14,500 p.s.i.| To 14,500 p.s.i. 
Temperatures To 1000° F To 450° F 
Lengths To 50’ To 50’ 
—Use Chart— 
*STEEL BRONZE 
Saturated Steam Vv 
Superheated Steam v 
Sulphur Bearing Oil vY 
Oxygen v 
Ammonia v 
Carbon Dioxide Vv 
Sulphur Bearing Grease v 
Critical Vibration vY 
Non-Sparking vY 
*Protective Coatings Can Be Applied for Corrosion Protection 
(To Conserve Critical Copper Bearing Alloys). 











Couplings: REX-TITE Mechanical (Re-attachable) Couplings; 
Solder Couplings; Brazed and Welded Couplings and 
Flange Assemblies for Rex-Weld Flexible Metal Hose. 

Ask for Engineering Recommendations 


CHICAGO METAL HOSE CORPORATION 


General Offices: MAYWOOD, ILLINOIS 
Factories: Maywood and Elgin, Ill. 
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NOTEWORTHY 
PATENTS 

















Coaster Brake Goes Hydraulic! 


Peers brakes for bicycles or other applications wher 
it is desired to obtain braking action by reverse rotation 
of the driving element may now enjoy the advantages gf 
hydraulic action through the use of a design covered by patent 
2,303,041, recently assigned to General Motors Corp. 
Basic elements of the unit, as shown in the illustration, in. 


Sy/phon bellows 
_~ Brake disks @nnector - 
Anchor arm 








Brake applicator plate Jo hub 


Bellows applicator plate 


Fluid-filled bellows transmit braking force from sprocket 
and connector to multiple-disk brake 


clude the usual fixed axle, rotating wheel hub, and driving 
sprocket. Forming an extension of the sprocket is the driving 
sleeve which is provided with steep pitched threads engaging 

corresponding threads in the connector. Friction of a lag 7. 
spring which fits into an annular groove in the connector and 
has out-turned ends engaging two of the longitudinal keyways 
in the hub tends to rotate the connector in the same direction 
as the hub. When the driving sprocket is rotated forward the 
action of the threads moves the connector to the right and 


the outer conical surface comes into driving engagement with stil 
a corresponding surface on the inside of the hub. When coast- to 
ing, thread action moves the connector to the left, out of en- 
gagement with the hub. In 
th: 
Sprocket Reversal Effects Braking Action - 
Backward rotation of the driving sprocket shifts the con- for 
nector to the left beyond the coasting position into the braking 
position where it compresses a pair of sylphon bellows filled mé 
with brake fluid, transferring the braking force to the applica- ' 
tor plate of the multiple-disk brake. Alternate brake disks Os 
rotate with the hub, the others remaining stationary with the pre 
brake disk support which is anchored to the frame of the 
machine. A serrated engagement surface prevents relative oe 
slip of connector and bellows applicator plate while brake 
being applied. 
During normal braking, hydraulic action through the bel- 
lows furnishes the entire braking force. For emergency brak- 
ing additional force is transferred through a spacer sleeve y, 


which becomes effective after the bellows have been com 
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ind driving PHOTO BY U.S. ARMY SIGNAL CORPS 
the driving 
ls engaging . , 
tat! O51UCO Seamless Tilting /eaugh-tuiles wrth he LOYfOd 
inector and 
al keyways 
e direction T 
pes : HEY’LL have a big hand in speeding the date for Victory and Peace, these motorcycle troops, although there’s 
Tl an : r 
sment with still plenty of tough terrain ahead of them. But they'll take that terrain im stride, because their machines, thanks 
Then coast- to careful engineering, are built to take it! 
out of en- 
In many combat motorcycles, responsibility for necessary structural strength is delegated to OSTUCO at more 
than a dozen points . . . frame and cross tubes, spark plug wire tube, piston pins, cross tube sleeves, seat post, 
yn 
exhaust tube, fork tubes, tail pipe assembly, heater tubes and other vital parts. OSTUCO seamless tubing supplied 
ev for these purposes meets strict U. S. military standards. It fulfills requirements for close tolerances, ductility and 
lows filled machinability. 
e applica- a 
rake disks OSTUCO experience gained from manufacture of seamless tubing for this and many new wartime applications 
j a “ promises competitive advantages to its customers for realization of their peacetime production plans. 
ne 
gore @ PUT ALL YOUR SCRAP INTO THE FIGHT @ BUY U. Ss. WAR BONDS 
> brake is 
the bel- Som 
ney brak- SHELBY 
«se | THE OHTO SEAMLESS TUBE COMPANY 1K // 
een com QHlo 
‘ch, 1948 














SEN AE SAAN TNS A 


__WRINKLE_— 


pressed a predetermined amount. It is to be noted that 
mechanical advantage is obtained by making the right-hans 
bellows smaller than the left-hand and fixing the central ‘ 
nular head to which the bellows are attached. In the _ 
of failure of the hydraulic bellows the spacer sleeve =k 


transmit the entire braking force. ’ 


Hydraulic Bellows Measure Torgu, 


ETERMINATION of the torque required to tighten 
loosen screw-type caps on jars, measurement of friction 

in screw devices, checking of torsional springs, etc., may }, 
readily accomplished through use of a machine covered b 
patent 2,300,288, assigned to Owens-I'linois Glass Co. 
Base of the machine supports, on an antifriction bearing 
an upper member carrying a suitable clamping device or chy 
for holding one end of the part for which torque measuremeyi 
is desired. Relative rotation of the two members is oppose 
by a pair of liquid-filled metal bellows supported between ; 
pair of arms each connected by a pivot to a bracket on th 
under surface of the upper member. The arms are held iy 
clamping engagement with the bellows by means of posts als) 


S05 OSS 
PP NS mae : 








NE NORE yy | 


Relative movement of upper member and 
base builds up pressure in bellows pro- 
portional to applied torque 


attached to the upper member. Rollers mounted on the base 
engage the free ends of the arms. 

As indicated by broken lines in the plan view, relative role 
tion of the base and upper member applies pressure to the 
bellows. One opposing arm is held by the post on the upp 
member while the other is engaged and compressed by the 
roller on the base. Pressure built up in the bellows is trant 
mitted to a bourdon gage with a pointer arranged to indicate 
against a cylindrical scale visible from the outside. Pointet 
position indicates pressure, the scale being suitably calibrated 
in torque units. The mechanism being symmetrical, rotation 
in either direction produces a similar effect. 

Adjustment to compensate for temperature changes is = 
vided by a third bellows communicating with the measuring 
bellows. A thumb nut is used to apply pressure to the adjust- 
ing bellows, thus changing the volume of the hydraulic sy 
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SPEEDIER WINGS 


without sacrifice of strength, fire power or protection. 
That’s what the increased use of cast magnesium 

ts is giving America’s planes. This lightest of 
structural metals, as cast at the Howard foundries, 
has ample strength for many weight-saving applica- 
tions in the planes which are inexorably giving the 
United States full control of the air. Every pound 
saved means a little more speed — greater aircraft 
losses for the enemy, and far fewer for us. 


























Every week sees an increase in the tonnage of mag- 
nesium airplane castings shipped from our new 
foundry; and tons of aluminum, brass and bronze 
parts, too — always more bomb racks, bomb parts, 
gun mounts, turret mounts, landing wheels, nose 
pieces — to name only a few. Our three foundries are 
all turning out an endless volume of cast nonferrous 
parts for ordnance, tanks, tank destroyers, ships, 
machine tools and essential war machinery. 


Howard should be a source of supply of non-ferrous 
castings for you. 


For armament today — 
for utility tomorrow. 


Howard Foundry Company 
4900 Bloomingdale Road Chicago 





ALUMINUM - BRASS -BRONZE-MAGNESIUM 


CASTINGS 


1943 155 





tem and providing an initial pressure which may be used 
a zero in calibrating under varying temperature condition; 
Backlash in the bellows mechanism is eliminated by prope, 
| adjustment of the roller location and of the eccentrics), 
mounted posts. 


Eliminates Backlash in Gear Driye 


- Fyeesenagoat of backlash in the spindle-driving meg, 
anism of machine tools, especially millers in which gy. 
ters may set up vibrations in the gear train, is accomplished 
through the use of patent 2,302,575, assigned to The Cini.) 
nati Milling Machine Co. 

The design, as shown in the illustration, is applied parti 
ularly to reversible spindle drives. Means for locking oy 
backlash beween the spur pinion and gear forming the fiy;) 
drive in the train include a pair of helical gears of the same 
speed ratio as the spur gears. The helical pinion is splingj 
on its shaft and can slide relatively to the helical gear, 4 








Spur gear Spindle 
\ 
V/ Y 7, 
Yr Helical gear— G fp 








Clutch 5 eT 


| ° = ——— “bee ad 





























| y O Spur pinion 
CLOSER TOLERANc,. TZ. : 
Helical pinion 








Accuracy in machining operations is de- 
pendent upon the hardness of the cutting tool. 
The individual particles of tungsten—titanium @™ 
carbide in the tips of KENNAMETAL Tools is the 


: Backlash control cylinder 
Reversing control cylinders 








Axial movement of helical pinion with respect to gea 


factor that marks the superiority of KENNA- | absorbs lost motion, eliminates vibration due to tool chatter 

METAL over tools of the same Rockwell hardness. BRA 
Because of their great resistance to wear, shifter fork engaging a spool is used to force the helical pinion 

KENNAMETAL ssteel-cutting carbide tools are in the direction necessary for taking up the lost motion. Force org 

giving accurate performance on long cuts in | for holding the backs of the helical gear teeth in contact # ing 

machine shops throughout the country, as shown | furnished by hydraulic pressure in a control cylinder. The 

in the illustrated operation. The extreme hard- backlash control is interconnected with the spindle reversing BRA 

ness of KENNAMETAL permits such accurate | mechanism which also is hydraulically operated. 7 


machining that roughing and finishing often In the position shown oil pressure acts in the right-hand re 
can be combined in one cut. | versing control cylinder, holding the clutch in engagemest THE 
with the left-hand bevel gear. This cylinder is hydraulically 
connected with the left-hand end of the backlash control cyl and 
inder so that the helical pinion is urged toward the left. Mo 
ing the helical pinion in this direction tends to rotate th F are 
helical gear clockwise, looking from the right, the motion be 
ing limited by the backlash in the final drive gears. 

Reversing is accomplished by admitting oil pressure to the 
left-hand reversing cylinder and to the right-hand end of the 
backlash control cylinder, thus moving the clutch into engage 
| ment with the right-hand bevel gear and urging the helical 
| pinion to the right. When oil pressure is admitted to 
| reversing control cylinders, the sleeves move toward 

other, holding the clutch in central or neutral position. 


When close tolerances are 
needed, use KENNAMETAL 
. . . the tool of precision. 


Write today or the new 
Kennametal Tool Manual. 





*INVENTED AND MANUFACTURED IN U. S. A. 


MSKENNA METALS é@ 





146 LLOYD AVE., LATROBE, PA. 
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PERFORMANCE 


BRAD FOOTE GEARS have been accepted for over a generation by the Nations industrial 
eagunapeae for their extreme accuracy, dependable performance and long periods of exact- 
ing service. Ample equipment guarantees the execution of your most careful design. 

_ FOOTE SPEED REDUCERS in many ratios and horsepowers, standard or motorized 
in every type of gear, go on for years giving continuous service at low cost. | 
THE BRAD FOOTE PLANT with its wide scope of gear making operations covering every type 
and ratio of gear and speed reducer manufacture, can serve you most efficiently when you 


are designing special machinery. 


BRAD FOOTE GEAR WORKS 


I301-G §. CICERO AVENUE ¢ ¢ © CICERO, ILLINOIS 
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SAFEGUARDS 
ENGINE BEARINGS 


@ In all types of engines, the contact of moving parts 
is constantly creating iron and steel particles which 
act as an abrasive in the lubricant. Unless removed 
promptly, these metal cuttings can cause untold 
damage to gears, bearings and other vital parts. 


MAGNETIC PLUGS REDUCE WEAR 
BY REMOVING THE CAUSE! 


The easiest, most economical method of keeping a 
lubricant free of iron and steel abrasives is to replace 
i ordinary drain plugs with low-cost 
Magnetic Plugs. A powerful per- 
manent magnet catches and holds 
the metal particles as fast they ap- 
pear; and thus reduces excessive 
wear by eliminating the cause. 





Write for details on how you can 
obtain free sample plugs to test in 
your product. 


Lisle Corporation 


Box 1003, Clarinda, lowa 


Maégnetic Plug 
with heavy 


metal particles. 


Wi got cSic 


DRAIN PLUGS 





ASSETS to a BOOKCASE 


Applied Kinematics 


v 


By J. Harland Billings, professor of mechanical en- 
gineering, Drexel Institute of Technology; second 
edition, published by D. Van Nostrand Co. Inc., New 
York; 320 pages, 5%4 by 8% inches, clothbound; avail- 
able through Macutine Desicn, $3.25 postpaid. 


Although described as a second edition, this book has beep 
so completely rewritten that it almost constitutes a new book. 
In particular, acceleration is much more extensively covered 
than in the earlier edition, and the effect known as Coriolis 
law is discussed in a more practical manner than is the cage 
in most works on the subject. That branch of design known 
as kinematics or motion analysis has too long been the pr. 
rogative of a small group of engineers. With books like this 
one readily available there is no longer reason to design any 
mechanism without full and complete analysis of the effects 
of motion. 

While special graphical methods such as, for example, the 
phorograph are given due prominence, the major emphasis 
throughout the book is on fundamental principles. It is also 
interesting to note that calculus, although used sparingly, is 
not entirely ignored as in some textbooks. Scope of the book 
includes motion analysis in general, link mechanisms, cam 
Worked examples serve to give 
practical understanding of the principles set forth. 


mechanisms, and gearing. 


Vv 2 &§ 


Torque Converters or Transmissions 


By P. M. Heldt, engineering editor, Automotive In- 
dustries; published by P. M. Heldt, Nyack, N. Y.; 406 
pages, 5% by 8% inches, clothbound; available through 
MACHINE Desicn, $4.00 postpaid. 


Covering the whole range of equipment used in transferring 
power from the engine to the wheels of automotive vehicles, 
this book will be of interest to all designers concerned with 
power and speed control. Discussion is not confined solely 
to torque converters but includes four chapters on friction 
clutches, automatic clutches, hydraulic couplings and over- 
Next four chapters cover gear transmis- 
sions, following which other methods of torque conversion ate 
discussed, including electric drive, hydrostatic transmissions, 
hydro-kinetic torque converters, differential or power-shunt 
transmissions, inertia-types, automatic and power-controlled 
stepped types, pneumatic transmissions and special designs 


running clutches. 


of geared transmissions. 

While design of conventional transmissions is discussed 
in considerable detail, in the case of the newer and les 
familiar types the text is largely restricted to explanations of 
operating principles. 

Because automotive equipment must be designed for light- 
ness and compactness yet built to “stand the gaff”, the engi- 
neering information given should greatly assist designers i 
other fields who are faced with similar problems of space 4% 
weight limitations. Pros and cons of each type of drive alt 
fully discussed and the book is illustrated by numerous cT0s* 
sectional drawings, also some charts and photographs. 
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Emphasis on magnesium at present resis on 
its use in constructing airplanes. Vast quan- 
tities of this lightest of structural metals, 
extracted by Dow from ocean water and 
Michigan brine, are devoted to that purpose. 
But as a weight-saving metal, magnesium 
faces an even greater era of usefulness. 
Imagine the countless peace-time applica- 
tions when production and facilities for fab- 
ricating Dowmetal castings and wroughi 
products are available for general purposes! 
It is a prospect that intrigues every forward 
looking designer. 
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EXTRUSIONS 








HEINEMANN 


MAGNETIC CIRCUIT BREAKERS 


TIME DELAY ON OVERLOADS 


The magnet coil surrounds a_hermeti- 
cally sealed, liquid filled cylinder con- 
taining an iron plunger which, while 
normally out of the magnetic field, moves 
into it on overloads, the liquid control- 
ling the speed. As the plunger rises to 
the top of the cylinder, the magnetic 
flux increases to its maximum. At this 
point the armature is attracted to the 
pole piece. 


HIGH SPEED LATCH 


The armature, on engaging the lower leg 
of the lock (a) rotates it so that the 
tooth of the catch (b) passes through 
the cut portion of the lock (c) and 
opens the contacts. Of all known latches, 
this one acts with the least amount of 
friction and mechanical delay. The latch 
collapses only on short circuit or over- 
load conditions even if the handle is 
purposely held in the “on” position. 


HIGH SPEED BLOWOUT 


The stationary contact is coiled around 
an insulated iron core connecting steel 
plates to form a U-shaped magnet. On 
overloads and short circuits the current 
flowing through the contact creates mag- 
netic lines which force the arc into the 
arcing chamber and blow it out. As the 
value of the current to be interrupted 
increases, the quenching effect becomes 
greater due to the intensified magnetic 
blowout field. 


HEINEMANN CIRCUIT BREAKER CO. 


Subsidiary of Heinemann Electric 


Est. 1888 
113 PLUM STREET TRENTON, N. J. 
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DESIGN 
ABSTRACTS 


Designers, Watch Maintenance 
Problem! 


HINK for a moment of the largest fleet of trucks you have 

ever known any one operator to have. Was it 15,000 of 
25,000 trucks? Whatever the number happens to be, your 
Uncle Sam is operating a fleet today that makes the largest 
civilian fleet in the land look puny by comparison. And with 
this huge and formidable fleet of vehicles comes a huge and 
formidable problem of maintenance. It is a problem that can 
make or break us in this war of machines. fa 

No one knows how many lives will be. lost because some- 
one did not do his very utmost in the original design. The 
cab-over-engine is a splendid example of how to make it tough 
for the mechanic. You gentlemen can probably enumerate 
many more, like the hard-to-get-at clutch throw-out bearing 
or the tank you must take apart to get the engine out. But no 
one can tell how many times that kind of fundamentally 
unsatisfactory design will stop the movement of a desperately 
needed load of machine-gun ammunition. 

Too often the logical, important, checks on design and per- 
formance are skipped over. We say.there is not time! Too 
many times the designs flit gaily from drawing board to 
production without even a respectful bow to the experimental 
test department. 

Far too frequently the advice of practical service men 
is not sought to learn whether the contemplated design can 
be readily serviced; in the constant compromise, vehicle 
maintenance is ignored to achieve a certain style. We are 
now suffering, and suffering heavily, for these ill-begotten 
methods. 

For all of this war—as long as it lasts, let’s have no more 
of expedient designing! 


Parts Numbers Confuse 


Another related problem of maintenance that requires the 
consultation of industry is the question of parts numbers. In 
motor transport, there are nearly as many different methods 
of numbering parts as there are different parts lists. One 
company numbers its parts according to the sequence in which 
they were designed. Another company assigns numbers on 
the basis of the grouping of parts. On top of all this, the 
field organizations have Ordnance nomenclature lists which use 
the Army system of numbering parts. With these various 
systems in use, think of the poor mechanic and the parts 
clerk, at work in Australia or some other far-off post, wading 
through oceans of inconsistent parts lists. 

That brings up the question, which system shall we use? 
Should we expect the automotive industry to switch over 
to the Army’s system of listing and numbering parts, the 
standard Nomenclature Lists? Or should the Ordnance De 
partment change its system to conform with the industry's? 
Or perhaps a system that consolidated the good features of both 
methods can be developed. This is for all of us to work out. 
It’s not the Army’s job, nor is it industry’s job. It is our job. 
—From talk by Brig.-Gen. James Kirk, Chief of Maintenance 
Branch, Field Service Division, Ordnance Dept., at the recemt 
S.A. E. Annual Meeting, Detroit. 
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longer Life for Every Bearing Because: 





ILE a thrust load on a roller bearing that’s 

already carrying a radial load and you intro- 
duce complex stresses that tend to force the rollers 
from the race . . . that tend to increase sliding 
friction and wear-back between the roller ends and 
the radius of the race ... and that tend to cause 
earlier fatigue failure. 


That’s why Rollway Solid-Cylindrical Roller 
Bearings split every load into its two simplest 
components of pure radial and pure thrust... 
carrying each of these on separate roller assemblies 
at RIGHT ANGLES TO THE ROLLER AXIS. 
Both torque per bearing and load per roller are 
substantially reduced. You get greater roller cross- 
section and greater roller contact area per unit of 
load, hence more strength to meet stress, and less 
hazard of spalling and brinelling the race. 















You can usually change over from 
other bearings to Rollways of 
higher load capacities without in- } 
creasing boundary dimensions. But, 
for maximum life and service, your 
bearings should be carefully chosen 
as to size and type. Send us your 
drawings, or a description of your 
application, for free and confiden- YX 
tial bearing recommendation. ™ 








For longer bearing life, more 
efficient performance and more 
economical maintenance . . . 


FOLLOW THIS BASIC 
BEARING PRINCIPLE 


@ All radial loads carried at 
Le right angles to the roller axis. 


@ All thrust loads carried at right 
R Lf LL iH ¥ BEARING COMPANY, INC., SYRACUSE, N. Y. 


angles to the roller axis. 
BUILDING HEAVY-DUTY BEARINGS SINCE 1908 R & a | Fr t | G 4 
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Case No. M-343 


Work blades for centerless 
grinder 

Ampco Metal Grade 22 
replaced chilled cast iron 


Regrinding time for Ampco 
18 minutes per 48 hours as 
against 102 minutes with 
previous material. 





Material losses through re- 
grinding also cut to 1/Sth 
previous loss. 





Work Blades of AMPCO METAL 
Out-Perform Previous Material 


Constant wear on the work blades of center- 
less grinders play havoc with the life of the 
pieces. As you know, regrinding is usually 
frequent, causing loss of time and produc- 
tion. But, in the above instance, blades of 
Ampco Metal Grade 22 stood up under the 
abuse—far outperformed previously used 
chilled cast iron. The savings in time and 


material were decidedly worth while. 


The hardness of Ampco Grade 22 (321-352 
Brinell) plus its high physical properties, make 
it desirable for this service. Ampco Metal, 
however, is made in 6 grades with a range 
of physical properties, so that many varied 
conditions can be met. 


This case history is typical of Ampco service— 
you may have metal problems in other fields. 
Undoubtedly, widely used Ampco Metal has 
paralleled your conditions. Let our engi- 
neers advise you as to how this remarkable 


alloy can save you time and money. Ask 


for Catalogue 22. 
AMPCO METAL, 


Department MD-3 


INC. 


Milwaukee, Wis. 


Beg 


| Strain-Rosette Analysis 
| (Continued from Page 104) 


of the principal strains, can be obtained from Equations | 


| In applying these equations to the principal stress direc. 


tions it must be noted that «, = e¢,, «, = e, and Yoy = 
€a=€, COS*Ba+e SIN", | 

€)=€, COS*O,+€ 
€c=€, COS*O.+€: 


sin’6, 


sin’6, 
€a=€; COS*Bate Sin’6, 


In applying this procedure, Osgood’ used strain gages on 
lines acting at 45 degrees as shown in Fig. 6. Then iy 
Equations 7, the angles are 6, = 6, + 7/4, 6. = 6,4 
1/2, 04 = 0, + 32/4. Placing these values of the angles 


in Equations 7 the values of the strains become 


2. oe ) 
tome hate) to lame )cos29., | 
| 


z 
| 1 . | 
=> (ate)— = (e:—e)sin26, 
viticuin ees ee 
biel 8 2, ( 
- 2 iT) 3 €; — €2 COS 264 





nN) = 


1 
ea=—y late)t — (e,—€ )sin 26. 


These four equations determine three unknowns ¢,, ¢, and 
6,. The best solution for these, by the method of least 
squares, can be shown to be 





Z 1 aac 
ons [ FletotetaltV 6) + (e—ea)? ] 


1 1 — ; 
€ a [ -leabetectes )—V (€a—€c)* + (e—€a * | 


€b— €d 
tan 20.= = Sasa 


€a~ Ec 


Placing the above values of the principal strains in ex 

pressions for the principal stresses are given by Equations 
e values e principal stresses are 

4, th lues of the principal stresses are 


E [ 1 (=) Peer 

a a cn _ a es \€a " eT é€da) 
2(1+m) 2\1—-m €a tere 
Vv PL TS | 


a. [> ( +e 


(€a b et ¢ _—— 
2(1+m) 2 \1l—m snide 


V (€a—€c)?+ (€5—€a P| | 
) 
For many purposes, in using the above equations for due- 


tile materials, a value of m = 1/3 can be assumed. With 
this value of Poisson’s ratio, Equations 9 reduce to 





3E 
;=— [ (eetesteeten)+ v { + (e—ea)? 
8 (9a 


— a LMetetected =v (e,—¢,)? st (gamma) la 


. ‘ 


-The—above: SjunticnengNe sebrentione Oe ~the orm 
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“3C’ CONTROL FOR 
HORIZONTAL BORING MILL 

































SPECIAL “3C”" MACHINE 
TOOL CONTROL PANEL 


"8C" Control Apparatus, long 
standard in heavy duty appli- 
cations, is proving its merit in 
thousands of wartime machine 





tool operations. 


Each “3C” contactor, relay, push 
button or other control device is 
designed to stand up under frequent 
operation in heavy duty service. 


“Will it deliver production line ser- 
vice?” is the first question asked 
of our apparatus, for continuous |}, sub 9 
START-STOP operations demand 
exceptional service and durability. 




















SPECIAL CRANKSHAFT 
MACHINE CONTROL 


This built-in durability is demon- 
strating its fitness in 24 hour per day service, where electrical control, 
as well as motors and machines are run by several different operators. 


"8C" Accessory Devices, such as Cam Limit Switches, Hatchway Limit 
Switches, Foot Switches, Push Buttons in countless combinations, are also 
helping production efforts with low maintenance operation. 


"3C” Control is readily engineered to your 
Particular needs. 


| ml 


STREAMLINED CABINET 
WITH LOUVRED TOP 
FOR HOUSING RESISTORS 


OFFICES IN PRINCIPAL CITIES 
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CLEVELAND, OHIO 
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Double 
INSULATION 


Protection 


with IRV- O -VO LT 


ECAUSE it is varnished inside as well as out, Irv-O-Volt 

tubing gives double insulation protection. If for some fea- 

son, the outer surface becomes chafed, the inside coating of varnish 
will still give a large measure of protection. 


The varnish used for coating is highly resistant to oil, acid 
vapors, weak alkalies and moisture—the double coat reduces 
moisture absorption of the tubing to a minimum because only 
the edges of the braid at the end of the tubing are exposed. The 
varnish is formulated so that it will properly flow and cure, 
thereby producing uniform coatings with no blisters or wrinkles. 


In addition, Irv-O-Volt is flexible, mechanically strong and cuts 
clean. Ends will not fray. Moreover, because of its varnished 
inside surface, Irv-O-Volt allows quick assembly, even on stranded 
wire. Continuous operating temperatures as high as 175 deg. F. 
have no effect on the insulating qualities of this tubing. Also, the 
tubing will stand up to 450 deg. F. for 15 minutes without soften- 
ing, blistering or flowing. 

Irv-O-Volt is manufactured in three types, each designed to 
meet a definite need. Types A-1, B-1 and C correspond to these 
grades in A.S.T.M. Specification D 372-40T and meet the specified 
requirements. 





© TYPE A-1 is especially suitable for 
use where exposure to high temper- 
atures cannot be avoided. It has 
an average dielectric strength of 
7000 volts, 5000 volts minimum. 


© TYPE B-1 is similar to Type A-1 
except that it has an,average dielec- 
tric strength of 4000 volts, 2500 
volts minimum. 


* TYPE C finds use as insulation for 
armature leads and on field coils 


which are subsequently dipped in 
varnish. Average dielectric strength 
is 1200 volts, 800 volts minimum. 


Another tubing, Type CT Saturated 
Sleeving is a special heavy-walled 
insulation, constructed of tough, 
coarse fibres which give it the extra 
mechanical strength to resist ex- 
treme physical abuse. Its applica- 
tions are similar to Type C. There 
is no A.S.T.M. specification for this 
tubing. 


Write today for prices, samples and more complete information, Dept. 86 
— a 
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stresses directly in terms of the measured strains at th 
point. 


EQUIANGULAR STRAIN Rosette: Another procedure Sug. 
gested by Mindlin® consists of measuring the strains jy 
the three directions a, b and c, as shown in Fig. 7, sych 


that 6, = 0, 6, = 120° and 6, = 240°. This strain. 
rosette is called an equiangular strain rosette. To deter. 


mine the expressions for the principal stresses in this case. 
considering Equations 1, substituting values of 6, — 9, 
6,, = 120°, 0, == 240° and solving the three equations fo; 
the strains ¢,, «, and 7,,, their values are: 


€z = €a 
1 . 
ey=—z (2ert+2e.— ea) : cern) ) 
o — 
Yey=—Z-V3 (ees) J 


Principal strains can be obtained by placing the values of 
the strain components from Equations a in Equations 3. 
The principal strains are then determined by 


1 
€:=—(eatestec)+ 

3 

oe menciiecuaiainnans 

= 3 (€a— ep )?-+ (€p—€- )°+ (€-—€a)?= A+B 
(10) 


— 


1 
a= (eatetec)— | 
v2 ,-—-——— —— ; | 
3 Vv (eg—ey)?-+ (ep—ec)?+ (€c-—€a)?= A—B } 








Formulas for the principal stresses are obtained by placing 
the values of the principal strains from Equations 10 in 
Equations 4. Doing this the values of the principal stresses 
are 





A B 
S=E (=~ +i) 
a. ry a ee (11) 
Sen (=. - =~) 
l1—m 1+m 
where 
1 ; 
A= (eateter) and 
2, 
B=—"v (€a— ee )?>+ (e,—€-)*+ (€c-—€a)® .......- (12) 
GRAPHICAL SOLUTION BY LAND’s CircLeE’: It is some- 


times convenient to determine the values of the principal 
stresses by means of a graphical procedure referred to 3s 
the Land’s or Dyadic circle method. The procedure it- 
volved will be explained for the case in which the three 
strains are positive. These strains are represented in Fig. 
8a by eq, «, and ¢, and their directions by 6,, 6, and 6¢- From 
any point T (Fig. 8b), the values of these three strains are 
as shown at angles of 26,, 26, and 26, with respect to the 
negative direction of the x axis. A negative strain would 





6R. D. Mindlin—“The Equiangular Strain-Rosette”, Civil Engineet- 
ing, Page 895, August, 1938. 

7For a discussion of this method the reader is referred to “The De- 
termination of Stresses From Strains on Three Intersecting Gage Lines 
and Its Application to Actual Tests’—-W. R. Osgood and R. G. — 
Research Paper No. 559, U. S. Bureau of Standards, Journal of Resear 
Vol. 10, May, 1933, Page 685. 
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IR CORPS SPECIFICATION 141058 











Washington says, “ Finish It With ----" 





[D: YOU KNOW all the answers 
regarding U. S. Government 
Specification finishes? You can keep 
abreast of the rapidly changing require- 
ments by sending for a copy of our new 
book, giving the more important “Spec” 
finishes made by EGYPTIAN. It's in loose- 
leaf form and we keep it up-to-the-minute 
for you by sending you new sheets and 
tevisions as changes are made. 

Send today for this valuable book. Use 
itas a purchasing guide and as an instruc- 


tion manual for mixing, thinning, apply- 
ing and drying these EGYPTIAN Superior 
Finishes. They’re made with the same 
meticulous care that has gone into every 
EGYPTIAN Finish for over a half century. 
Long before the War we were making 
successful finishes to U. S. Gov't specifi- 
cations and to meet exacting specific 
requirements of private firms. Such experi- 
ence counts in times like these. You can 
rely on EGYPTIAN “Spec” Finishes to serve 
you faithfully and well. 


Ask for U. S. Government “‘SPEC’’ Book MD 


THE EGYPTIAN LACQUER MANUFACTURING CO. 
ROCKEFELLER CENTER, NEW YORK, N. Y. 


EGYPTIAN 





Superior FINISHES 
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14 YEARS OF MIDNIGHT OL 


ECAUSE Bruning has burned 14 years of 
“midnight oil”— because Bruning research 

is constant—you can be certain of complete sat- 
isfaction with Bruning Black and White Prints. 


With BW Prints, you are sure of having 
easy-to-read black line reproductions in seconds 
—not the minutes that blue prints require. 
Prints that are ready to use a second after de- 
velopment. Prints that need no washing, and 
that are delivered to you dry. 


You are sure of cut sheet economy—for 
Bruning BW allows the use of cut sheets in 
quantities not obtainable with a continuous 
blue print machine. Let us tell you the whole 
story—write for our illustrated booklet. Charles 
Bruning Co., Inc. 





Bruning Model 55 Printer 
for high volume production 
of BW Prints. 








2145-277A 


SINCE 1897 
NEW YORK « CHICAGO « LOS ANGELES 


- — Branches, in 14 Rrincingl Cities 
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be laid off in the opposite direction from T to that shown, 
At the ends of the strain lines three perpendiculars eS I 
respectively are drawn. In each case, the side away tant 
is shaded if the corresponding strain is positive, A circle 
is drawn which is tangent to the three perpendiculg, 
either on all the shaded sides or all the unshaded sides, |) 
general there will be four possible circles but Only one 
will satisfy the condition imposed. Through the cente; 
of the circle are drawn the axis Ox and tangent to th: 
circle the axis Oy parallel respectively to the x and y 
axes of Fig. 8a. There are two possible points O in th: 
figure. The one selected is such that the positive directio, 
of x intersects the circle as shown when the tangent js op 
the unshaded side. TR is perpendicular to Ox. They 
=OR; «,=RX and 7,,=2RT....... a 

The above statements can be proved as follows: 
Considering the diameter X,Y, passing through the 
center M and parallel to the direction of the ¢, strain, the 
projection of Y,MRT on the diameter X,Y, can be shown 





to be ¢,. That is, 
éa=MY,+MN+NR, ee er et ee (n) 
or 
OR+RX° OR-—RX 
éa= ( ) oa ( ) cos 264+ 
2 2 
TR sin __ ot A ae Ua eres ..(0) 


This is the expression for the strain ¢, as given by Equation 
1 provided values for OR, RX and RT are as given in Equa- 
tion 13. Thus the values of the strain components re- 
ferred to the axes x and y as defined in Equations 13 are 
determined graphically in Fig. 8. 

Values of the principal strains and the maximum sheat- 
ing strain may be determined by considering the graphical 
construction in Fig. 9. Remembering that the intercepts 
OR and RX (Fig. 8) are the strains, it is seen that the 
maximum and minimum strains are obtained when the 
diameter selected is intercepted by the point T itself as 
shown in Fig. 9a. Then it can be shown that the principal 
strains and their directions are determined in Fig. 9a by 


a=VT, e=VT, ¢=ZUOX.... ..(14) 

To determine the maximum shearing strains it is agai 
convenient to refer to Fig. 8. In this figure the shearing 
strain was shown to be TR = twice the perpendicular 
distance from T drawn to a diameter. It is seen, therefore, 
that the greatest shear strain is obtained when the diameter 
is perpendicular to the line connecting point T and the 
center of the vircle. That is, the maximum shearing strain 
is given by 


=y=2MT......... . (15) 


(Yry )maz 


This value of the shear strain is shown in Fig. 9b. The 
axes x, and y, which can be shown to define the direc 
tion of this shear strain are also represented. 

Knowing the values of the principal strains as stated 


by Equatiorts 14, the values of the principal stresses “ 


easily calculated from” Equations ‘4, 
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“The “strain-rosette method has been used <onaiderae 
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ve direction as usual, the knurled points dig in and hold the screws tight in spite of vibration or jarring. They’re easily removed, 
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_ engineers. Send for a free copy today. 
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Save vital drafting-room time for vital new 
designs by using this amazing machine to speed 
the routine work! For example, Hunter Electro- 
Copyist can produce up to 25 tracings an hour 
—clearly and economically. And it’s so simple 
a unit that anyone can work it fast! 

Electro-Copyist can’t make a mistake—every 
print is a perfect reproduction of the original. 
So, it can cut many drafting room bottlenecks 
in a hurry! Investigate this remarkable new 
short-cut now — you won’t 
need any darkroom, and 
there’s no focussing or lenses 
to tinker with. Models of all 
sizes that will meet your re- 
quirements exactly. Write us 
today for your copy of de- 
tailed folder on engineering 
and production department 
applications! 


& 








For extraordinary 
sizes of drawings, 
such as needed for 
aviation designs, 
models of Hunter 
Electro-Copyist 

are furnished to 
meet require- 
ments. Standard 
sizes meet wide 
variety of drafting 
room needs. 


Hunter Electro-Copyist, Inc. 


431 South Warren St. 
SYRACUSE, NEW YORK 








for determining the stresses in many machine and str. 
tural members. For example, the Aluminum Researc 
Laboratories have used the method in laboratory studi, 
of locomotive side rods, bearing plates, beams, batten an? 
gusset plates. 

Determination of stresses in webs of I-beams may be 
complicated by local stresses produced by Concentrate) 
loads. These local stresses must be obtained in the Case 
of long-span, thin-webbed beams or for heavier beans 
with short spans. Direct information concerning thes 





stresses is afforded by the strain-rosette method. 

A study’ was also made using the strain-rosette metho) 
to determine the stress condition in full-size welded brang, 
connections for high-pressure piping. This is another type 
of problem in which the determination of the stresses hy 
theoretical methods is impractical. 

Recently the method has been used for studying stresses 


in parts of aircraft. There are many other applications ip § 


which this procedure could be effectively used by the de. 
signer and stress analyst. 


5F, L. Everett and A. McCutchan—“Investigation of Stress’ Conditions 


in a Full-Size Welded Branch Connection”, Transactions A.S.M.E., 1938, 
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Acceleration Analysis 
(Continued from Page 92) 

Atooc3 is unknown in magnitude but directed parallel 
to the face of the follower 

Since w, == V ¢;/O;C,, counterclockwise, the com 
ponent 2V¢.¢303 = 2Vo.¢,(Vo;/0,C,) 
directed upward normal to the follower 
face. 

The acceleration diagram, Fig. 8c, is now started by 
drawing from the pole point O, a vector O,c, representing 
Ac,- From this is subtracted the vector 2V¢,c3w, in accord: 
ance with the acceleration vector equation. From the tail 
of this last vector a line is drawn in the direction of the 
component Af,,c,. 

The solution is completed by writing Aj, = A", +? 
At., in which A",, = [O,C]w,? = (Vc,)?/[0,C] d- 
rected from C toward O,. Ato, is unknown in magnitude 
but directed normal to O,C. Vector A", is drawn from pole 
point O, and through its tip a line is drawn in the direction 
of At,,. The intersection of this line and the line previ- 
ously drawn parallel to the follower face locates the tip 0 
the A,, vector. Any numerical values desired can now be 
obtained from the acceleration diagram. For example, the 
angular acceleration of the follower can be determined by 
scaling the numerical value of At,, and dividing by the 
length O,C. 

ExaMPLe 4: Fig. 9 shows the analysis of a slightly more 
complicated linkage than has been treated in the previous 
examples. The velocity diagram is shown at b and the 
acceleration diagram at c. The steps in the acceleration 
solution are outlined below. 


Ax, = A, = [O,A]w,?, computed 


Ag, = Ag, > Aaroas ) 
= Aa. -_ A®,543—> Ataoas — QV 40433: ( 
2 2 am 
Ag, = APgg > Ab gg . 2 eee 
A™ 043 a 0 


Values of 2V,,,,, and A,, are computed, then Equé 
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tion o HIGH SPEED ROD MACHINE 
Av, + @ The rugged strength of Diamond Roller Chains is well illus- 
/10,C} : trated in the short husky drive on this high speed rod machine. 
bp With shafts close enough for direct gear drive, Diamond 
0 direction Roller Chains were selected by the designing engineers be- 
line previ- cause the load is shared among many sprocket teeth and Large illustration shows short 
s the tip of carried at the base or strongest part of these teeth. center 4-strand No. 82 Diamond 
an now be With such a drive there is no separating force between Roller Chain ne on the com- 
Te shafts,—no tightness, because a roller chain drive is not de- ae parca oes a 
aie md pendent on friction. As a result bearings receive little strain, minal Peeauncditeantee 
wear longer and require much less maintenance. There is no i ass ialiaiiatia da dala 
shtly more slippage,—speed ratios remain constant, and being compact iene iad das 
e previous in diameter and width, a Diamond Drive is readily adaptable, share the load. 
b and the —facilitating machinery design. 
>celeration Designers and builders of leading makes of machinery and 
equipment use Diamond Roller Chains regularly. Recom- 
mendations for improvement of product and for new designs 
are available at all times... DDAMOND CHAIN 
ase; - (1) & MFG. CO., 435 Kentucky Ave., Indianapolis, | AM. | | 
aan (2) Indiana. Offices and Distributors in All Prin- 
cipal Cities. 
en Equa 
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Square Nut 





Right Angie Nut 


G-2 Bolt 





SAVE MATERIALS AND MANPOWER! 


Use Ohio Welding Bolt and Nut Products for 
fastening by Resistance Welding! 





PR2 Pin, for 
water tight weld 


H-1 Bolt 


For information and samples, write to 


THE OHIO NUT & BOLT COMPANY 
620 North Front St., Berea, Ohio 














SUPERSEAL Tubing Connectors 


Can be disconnected and reconnected 
repeatedly without injuring the tubing! 


1. Long 10° tapered cone 
provides greater seating area 
for tubing flare . . . assuring 
a leakproof joint even under 
maximum vibration and 
pressures. 

2. Fittings available in 
Steel and Malleable Iron. 

3. All tubing easily flared 
to SUPERSEAL’s 10° angle. 
Even steel tubing can be 
flared in a single operation. 

4. Inside diameter of tub- 
ing is uniformly maintained 


. «no obstructions at joint. 
5. Tubing bends can be 
made extremely close to the 
fitting. 
6. Adapted to welded, 
brazed or seamless steel tubing 
..-and all non-ferrous tubing. 


7. Used on oil, gas, air, 
chemical and other lines. 

Write for Catalog 1R, 
“Grinnell SUPERSEAL Con- 
nectors”. Grinnell Company, 
Inc., Superseal Division, 
Providence, R. I. 





SUPERSEAL Flared Fittings by GRI N N EL L 
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tions 1 and 2 solved simultaneously to determine the * 
celeration of point A on link 3. The acceleration of Bis 
found by the direct proportion, Ay/[O,B] = A,,/[0 Al 
The solution is completed by writing and solving, Ay 
Ap +— A", + — Atcg in which A", can be computed | 
and Ag and A‘,, are known in direction. 

A mistake frequently made in an otherwise correct ao. 
celeration analysis is the omission of the component 2V,, 
In an article, “Adapting Phorograph Method of Accelera 
tions,” MACHINE Desicn, November, 1934, an illustration 
of a crank-shaper of the same proportions as shown hers 
in Fig. 9a was used. The solution presented did not take 
the Coriolis component into account; as a result the Value 
for acceleration of the ram was in error by approximately 
40 per cent of the correct value. Fig. 10 shows clearly the 
effect of omitting the Coriolis component. The angular 
acceleration of the oscillating arm (link 3) of the crank. 
shaper in Fig. 9 has been plotted against crank position 
for one-half the return stroke. The full line shows the 
correct value and the broken line the value obtained if the 
component 2V,,,,; is omitted. The two curves haye 
points in common at the beginning of the stroke (where 
w, = 0) and at the midpoint (where V,,,, = 0). Else 
where they diverge widely, the difference becoming a 
great as 60 per cent for some crank positions. 


BUSINESS AND 
SALES BRIEFS 


NNOUNCED by The Bunting Brass & Bronze Co, 
Toledo, Ohio, is the appointment of George H. Adams 
as executive vice president. He will supervise all manufac- 
turing, sales and research operations, being well prepared 
for this by a wide experience in engineering, manufacturing 





and application of all types of bearings. ms 
ry cu 
James R. Hewitt has been elected vice president of Ameri- m 
can Manganese Steel division, American Brake Shoe & Found: ar 
ry Co., Chicago. ce 
+ 
All assets and business of the former Lindsay Structure yé 
division of Dry-Zero Corp. have been taken over by a new a 
organization to be known as Lindsay and Lindsay, Chicago. ni 
Harvey B. Lindsay, formerly president of the Dry-Zero com- al 
pany, has resigned to direct the activities of the new organiza- 
tion. Offices are located at 22 West Adams street, Chicago, u 
and 60 East Forty-second street, New York city. a 
P ) 
For the past nine years associated as research chemist ai 
with Harvel Research Corp., S. Caplan has become the re 0 
search manager and acting technical director of the Irvington 
Varnish and Insulator Co. Mr. Caplan succeeds C. F. Hanson R 
who has been appointed chief consulting engineer and will 
be responsible for expediting work on war production. 
> 
William J. Thomas, manager of mechanical tube sales, SP 





Babcock & Wilcox Tube Co., Beaver Falls, Pa., has been 4? 
pointed assistant general sales manager of the company. An- 
other appointment is that of Leon E. Jeanneret, formerly as- 
sistant general sales manager, as manager of sales, weld 
tube division, with offices and plant at Alliance, O. Edwa' 
A. Livingstone, general sales manager at Beaver Falls, will 


MacHINE Design—March, 1948 























































nine the ao. 
ition of B is 
A,,/ [0A], 
ving, Ay = 
© computed 


Correct ae. 
onent 2YV,, 
o£ Accelera. 
illustration 
shown here 
lid not take 
It the Value 
proximately 
Clearly the 
he angular 
the crank. 
nk position 
shows the 
ined if the 
urves have 
ke (where 
= 0). Else. 


coming ag 


It’s Easy with the G-E 


MOTORULE 


IEFS 





ronze Co, 

H. Adams | 

f . . 

| vail This newly developed load cal- The results of many years of work First you refer to a convenient 
nufacturing culator makes it easy to figure the by metal-cutting authorities were table of constants, printed on 


. tal- , " . each rule, choosing the con- 
motor horsepower required for meta used by G-E engineers as a basis for stant for the particular type 


cutting operations when the recom- the MOTORULE. The formulas were of metal to be cut. Then by 
of Ameri- mendations of the machine builder checked against actual load tests, and setting the scales to the 
& Found: are unavailable. Its advantages? You jeading machine-tool builders were known cutting speed, feed, 
can avoid undermotoring and sav€ = .onsulted. and cut, you arrive at the 
yourself production delays; you can cutting power required on the 


Structure : : : basis of ideal tool and machine 
by a new avoid overmotoring and save the The _MOTORULE will help you in conditions. Complete instruc- 
, Chicago. nation vitally needed steel, copper, | ™aking sure of adequate motor capac- tions are furnished with each 


Zero com- and aluminum. ity on machines being put to new war MOTORULE. 
- organiza- i lecti otors f 
, Chicago, fhe 6-4 MOTORULE tc ecourate for «| VOM emt MH eetecting motors for *The MOTORULE is not 


machines formerly driven from line intended to supplant the in- 


a wide variety of cutting operations : 
shafting. To get your MOTORULE, structions of machine build- 


on lathes, drills, milling machines, 





h chemist and planers. It works on a wide range just get in touch with your G-E ers as to the power require- 
ie the re of materials, because you start from | Motor Representative. Or, if you wish, = hoag 4 + gn nega = 
Irvington sas , ; is 

y. teh a convenient table of constants for © mail the coupon direct to General these recommendations are 


and wil the material being cut. Electric, Schenectady, N. Y. unavailable. 





ction. 


ibe _ sales, SPE CIFY TRf/ C, Z A D MOTORS | res ~~ Sec. BB 750-159 
: Ge 5 


- been ap- O Please send your MOTOR FITNESS 
pany. An- MANUAL, GED-1017. 


rmerly as- 
S, welded 
Edward 
‘alls, will 


Standard G-E Motors Are Generally vous Please send me a G-E MOTORULE, with 


Available without Delay for War Jobs ees full instructions and leaflet giving the 
. principles on which it is based. 
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GEARS OF 
ALL TYPES 
MANUFACTURED 
IN SIZES RANGING FROM 


DETROIT BEVEL GEAR CO. 


8130 JOS. CAMPAU «+ DETROIT, MICH. 






































APECO DOES THE 
WORK OF 3 PEOPLE 
IN MY DEPARTMENT 





Any boy or girl can do all your copying 
work—better, faster, privately—releas- 
ing Draftsmen, Clerks, Typists AND 
THEIR EQUIPMENT for other work. 


APECO PHOTO COPIES 


With an APeCO Anyone Can Make are identical copies—clear, sharp, dur- 
able — legally accepted. No proofread- 
ing! No errors! With APeCO you can 
make Photo-tracings direct from draw- 
ings, blueprints or old tracings. 


Exact Photographic Copies of 

Blueprints, Letters, Specifications, 

Orders, Tracings -- Anything Typed, 

Printed, Drawn or Photographed! 

Easily and Quickly! APeCO makes copies any size up to 

18x22 1st copy in 3 minutes, 120 copies 

5 F.0.B an hour—right in your own place—any- 

CHICAGO time, day or night. No skill or darkroom 

needed! Foolproof! Nothing to get out 
IMMEDIATE DELIVERY of order 


on machines and supplies. Learn 


how others in your field have AMERICAN PHOTOCOPY EQUIPMENT CO. 
SAVED MAN-HOURS while 9949 wy. Clark St., Dept. G-5, Chicago, Ill. 


speeding production. Write for 
time-saving facts REPRESENTATIVES IN ALL PRINCIPAL CITIES AND CANADA 


Comm 
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also be general sales manager of the welded tube divisip 
at Alliance. 1 


+ 

In charge of the Chicago office for the past 20 years, L. ¢ 
Rathsburg has been elected vice president of Lakeside Malle. 
able Castings Co., Racine, Wis. He will continue to be Io. 
cated at 122 South Michigan avenue, Chicago. 





+ 
Associated with the company in various capacities for 17 
years, Charles H. Eisenhardt has been made assistant manager 
electrical wire rope and construction materials sales division 
American Steel & Wire Co., Cleveland. 


+ 

Formerly industrial sales manager, Milwaukee Paint divi. 
sion, Pittsburgh Plate Glass Co., Louis F. Theurer has been 
made West Coast divisional director, succeeding Floyd §, 
Green. R. I. Ogle, industrial paint sales representative in the 
Chicago territory, will be industrial sales manager at Mi. 
waukee. 

° 

Election of Warren F. Fryburg as director and vice presi 
dent of The Black & Decker Electric Co., Kent, Ohio, has 
been announced. Mr. Fryburg was previously sales manager 
of the company. His background consists of seventeen years 
technical and marketing experience in the field of fractional. 
horsepower electric motors. 

+ 

I. H. Anderson has been made district manager of sales, 
Steel and Tubes division, Republic Steel Corp., in New York, 
succeeding L. M. Hogan, resigned. He has been associated 
with the New York office for the past six years. D. A. Sharde- 
low, who has been associated with the company since 19% 
in its Dayton, O. office, has been transferred to Indianapolis 
as district sales manager. 

. 

Naming of Robert S. Sloan as welding specialist for the 
Westinghouse Electric & Mfg. Co. in the North Pacific area 
has recently been announced. Mr. Sloan will assist in the 
application of the company’s welding equipment throughout 
the territory comprising Washington, Oregon, Northern Idaho 
and Montana. 

. 

For the last thirty-two years connected with The Osbom 
Mfg. Co., Cleveland, Henry T. Riddick has been named sales 
service manager of the company’s brush division. 


. 
George Conlee has been appointed to the post of engineer 
ing-sales representative for the Fleetwings Hydraulic division, 
Fleetwings Inc., Birstol, Pa. 
r 
On January 1, 1943, Hercules Powder Co. Inc., Wilming- 
ton, Del. will mark its thirtieth anniversary. The company 
has grown to 60 plants and offices, serving 55 or more Mm 
dustries, since its inception. 
¢ 
Associated for some time with Crucible Steel Co. of Amer 
ica, John A. Ross has been appointed manager of the com- 
pany’s alloys sales department, located in New York. 
¢ 
N. M. Forsyth, general sales manager, Pump Engineering 
Service Co., division of Borg-Warner Corp., Cleveland, has 
been made vice president in charge of sales. 
. 
Connected with the rubber industry for twenty-eight yeal 
L. R. Howes has been named sales engineer for the autome&| 
tive and aeronautic departments of the national sales 
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tube division 


CUT THE “OVERHEAD” OF MAINTENANCE 


‘0 years, L. C. 
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Pacific area i ‘ 
=a SEAL/V\ASTER 
throughout fi 4 


all “am all Bearing Units 


a =< ; Maintenance is always an overhead 
expense—usually involves a shut- 
down of the machine, a loss of ma- 
chine hours, a substitution of un- 
productive man-hour charges. 

Where SealMaster Bearings are 
used, however, the sealed-in lubrication permits long, 
aad uninterrupted operating periods. Ponaed felt flingers 

, Wilming- form a free-running seal, self-aligning and non-distorting. 

, With the great importance of materials handling, under 

ae today’s conditions, the installation above illustrates how 

SealMasters took the “overhead” out of an overhead 

conveyor. 

For standard and special production machinery, Seal- 
Master Bearings are made in all necessary types and sizes 
for ideal performance. Write for Bulletin No. 840 of 
types, sizes and data. 
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STEPHEN = DAMSON 
ght yeals, 
> automo-— MFG. CO. 


SealMaster Ball Bearings Winches Car Pullers Saco Speed Reducers 
Tellevel Bin Level Controls Car Loaders ChangeMaster Variable Speed Reducers 


18 Ridgeway Avenue, Aurora, Illinois 


sales and 
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service division of B. F. Goodrich Co., with head 


Quarters a 
5400 East Olympic boulevard, Los Angeles. 







¢ 
Formerly assistant general sales manager at Lockheed Air. 
craft Corp., Thomas H. Corpe has been named general sales 
manager of Elastic Stop Nut Corp., Union, N. J. He has also 
been associated with Genera! Motors Corp. as a technical ep. 
gineer in charge of its proving ground, and in Various sales 
positions. 













+ 
Reliance Electric & Engineering Co., Cleveland, has leased 
the plant recently occupied by the Stoker division of the 
Pocahontas Fuel Co. Funds for the new facilities and equip- 
ment will be supplied by the Navy department. The ac. 
quisition of these additional motor manufacturing facilities 
to be operated separately as the Marine division, gives the 
company three plants in Cleveland and will permit substan. 
tial increase in its production for the Navy. 












¢ 
Effective immediately is the appointment of W. E. Griffiths 
as assistant manager of sales, flat rolled products of Allegheny 
Ludlum Steel Corp. He was formerly manager of the prod- 
quipped com uct development department. 
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f cams cut to order in quantities of Adel Precision Products Corp., Burbank, Calif.. Harold P. 
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| The board of directors of the Aircraft Parts Development 
4 U Xx MACH I NTS ‘Gey PANY Corp., Summit, N. J., has announced the appointment of Dan 

C, Hungerford as president and general manager. Mr. 
3924-44 W. HARRISON, ST. CHICAGO, ILL. Hungerford was formerly vice president and a director of 
the Elastic Stop Nut Corp. 

















= 


Offices of Eicor Inc., manufacturers of dynamotors, direct- 
current motors, converters, power plants and other rotary 
electrical apparatus, are being moved to the DFC building at 
1501 West Congress street, Chicago. Considerable more space 
and production facilties will be provided to meet the in- 
creased need for the company’s equipment in the war program. 





OMMERCIAL 


TANK HEADS 


Every user of tank 






¢ 








* 


Officers elected for 1948 at the first wartime meeting of the 
Meehanite Research Institute of America Inc., were: Oliver 
Smalley, Meehanite Metal Corp., Pittsburgh, is president, 
heads should have a H. B. Hanley, American Laundry Machinery, Rochester, N. Y., 
copy of this bulletin is vice president; and A. M. Galbraith, Meehanite Metal Corp., 
Pittsburgh, is secretary-treasurer. 























containing price lists, 





specifications and ° 





J. Wesley Cable, research and development engineer of 
Induction Heating Corp., New York, has assumed the added 
formed tank heads. responsibilities of general sales manager of the corporation 






weights of cold 














r 
Formerly located in Clinton, Mass., Tupper Plastics has 
SEND FOR A COPY TODAY | 


| now become fully established in its new factory at Farnums 
ville, Mass. 







Careful study of this should convince you 
that money can be saved on your tank 
head requirements and get the best tank 
heads made. 

Cold formed, dimensions accurate. 






« 


Succeeding the late H. E. Richardson, Charles W. Test has 
been appointed district sales manager at Philadelphia for 
Youngstown Sheet & Tube Co., with offices at 1400 South 
Penn Square. 


| 
TH E COMMERCIAL SH EARI N G | With the B. F. Goodrich Pa Akron, O., since 1923 M. c 











Huntington now becomes manager of the Washington office 3 
the company. In his new capacity he succeeds K. D. Sm 
who has assumed new duties with headquarters in Detroit. 


AND STAMPING COMPANY. 


YOUNGSTOWN * OHIO 
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